nr»a jii 5 x«/ - 8 jns 


nn'DUD, nmwni 190 


rn'iDi iii'jkw - 8 i?nD 




,7,100km lovniy ^iyn Vi^om Ynwn "ivm 1 ? noon >n T"n^ 

Kin K-nn noo ixa urnnn inwi 384,000km Kin K"mon nrn *» vmnnn pmnnw yrr 

:nK aK/n r5k Dmm ino 5y .ninn-* 27.3 
.yiNn mna a^ao lamoa v*n5n 5 k/ mirinn in? .k 

.ynKnnnanon .a 

.ynKn hid a^ao inyiina Y , ”Ti , ?n 5 k/ nmpn invvnn .} 

o^m nn ,7100km wm *»vn »«n yx> r*> n-rt n'n° Mroi* mna D'»™ n 
,K"mD noo inn Vin i"li7n 7iy nirnnn inm 9 '0 7ni nr T'l* ninnn lnm 

.rrrn nom yaKR mna non nK aK/n . n 

.rrrn a^ao ann y’Tfrn ^fcs/ nmpn inrpnn nK aK/n s 

8piD\2n^KH' 

j-q^pi ■> 3,313 nnnK/ pan ■*K/K/n Kin "*KnaK/ na5n nai.i 
pmnn 9.5 "D 5m K/nK/nn lpnnn .K/nK/n nK □■ , D' , pn;i 

.ninn K"m:: 

inr jik ,nm5a) ’KnaK/ aaia 5y niK/n -pix nK aK/n 
.(K/nK/n a^ao lamo 5 k/ nirnnn 

,5.69xl0 26 kg ampa K’n ’KnaK/ nonK/ yiT .: 
-nrnnn inr) i5k/ nnn^n tiikk/i 60,000km iovtik/ 
.nipn 40-i niyi v 10 Kin (its* a^no amon 5 k/ 
.(inyy n-ao i5k/ amon nyDK/n nmrna) -■KnaK/ nn 5y naian naiKn nK aK/n (1) 

i5iy amon maK/nnn ~pn pKnaK/ ns 5y miK/nn ip "piN5 naian niiiKn nK aK/n (2) 

.may Iran 



pmnn mynnK/n n5x myao .(nnnn rki) mao maaion myaoa 'lpm ■■KnaK/ aaianK/ yn 
nyaun nrvnnK/ nnann nvoitfin ino 5y .‘‘KnaK/ "non 120,700km pnnn5 ny 6,630km 
.(pmnn) my’nn p'pna nniT'nnn n5ma (na5n aaia ‘ , id 5 ampn) n5 k/ ^n’lDn p5na 
nT*n5 nam k5k ,pyin ,T , n‘* 'yn nT*n5 n^ia - * k 5 nyaon ynn .nvDiinn ino 5y ,niion .j 

.-rman ma nyne/na ■ , KnaK/5 a-*aon □‘•yin □■'p’P^nn naann 
pai nyaon 5i u ’iisrnn p5na D-'aainonn □■>p‘‘p5nn 5k/ nirnnn nnr v^ °rv>n nK ae/n .n 
□' , P' , p5nn to n^mnn nyDK/nn nK mm .n5K/ 'n’lDn p5na D' , aainonn D'’p‘*p5nn 5 k/ r5k 
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■ J I J/ —L _L 

' 11!rnn ^ Q'p'P^nn V ws1nnn n'npn nrrnnn ra orpn nx ,n 

n n'rtnn nvsn/nn nx mm mV ™ p*a o-omonn Q'p'pimn *•/ u ra i nvaon 

.nynun D’p’p^nn 


nDbn nnm n’no D\inn D’nnnn o’inN ^ bPonn ’orm nrnnn 



■•Jnr Dnyin t'jd'pe/ n'pnon 


.'ktow 


nrnnn pr-T 

TDinn pmnn -r 


(days) 

(km) ’Nnnu/ 

nnn m u 

0.942422 

185,404 

Mimas 

1.153750 

212,280 

r Pallene 

1.887802 

294,619 

Tethys 

2.736915 

377,396 

Dione 


.~i^Dp ^ ’K/Pii/n pinn nN D’n”pn n^N D’nn nyniNiy n\m .n 
.( nmn’ jyukP -pi* y«N) r 3 *?id/ rpypiuo T 2 5iy n^nu pn .n 
■ r 3 biy n’jfpDiDD T 2 nN iNnnn <pa ouny 
. r -i r -pn ifcvpn nN iNnnn ’io’n .np’ron ’pin -)no by ,nno .i 
JiD^n nmn non nN nid/m nmpn Tvon nnn’Diy tid/p=n 'a T yon noon^ run iry’n .n 

.(nrrnP n5 d’k/) ’Nnm^/ 

pnmn nN myn .ninn’ 15.94 Nin (Titan Nipin) ’Nnmy b\u ^on nn biy nrnnn inriy pm ,i 

.’Nmiy rrnnn Pi a 


inr nN cm rnnn nvmx b\u mmnnn nN nnn ’Nnniy nnbn nmn 1 ? 



nmpnnid/ rc'mm 


.nrnnn ni^isin i^n 1 ? .p mnon Dnyunn □n'pid/ nrnnn 


T (days) 

0.94242 

1.15375 

1.8878 

2.73692 

v(km/s) 

14.31 

13.38 

11.35 

10.03 


•(■ M s ) 'xniw nom (v) lmmnn mynnNii nnn bw (: T ) nrnnn inr nN Non .n 
pndP n up my’nn myrn n!?no pn ,y'in n!?nom Diipn rpyon nbrnpiy nypn ino by .n 
.(nnnin n'jnon mysinn niTirri by nniy) nn D’y’oinii/ opnin pn 
.Diipn ^yon mnniy nbnun D’y’Dinn Qpmn nN iNnnn 'pa oony .2 
.’Nn i\y non nN 'n ^’yon rPnpiy iK/pn ino by-\ onpn ^yon nt>n’piy epan ino by ntd/n .i 





niasa. jii'ixw - 8 pnD 


nn'apna nnngmni ni'rxejn i9Q 






y-wn inD a’no ’iwn Wror* mnynn nx D'omn W>n mnyn linn o'xsmn o'uixmuox 
„ ran m D nymynn 10,000km m'T> B 'Pwnn Worn nyi mnynn .wb nx nnpm 

. 1^2 yiNn “mo ■?«/ 

. 5kg nnoniy nPipiyn -m/ip *b> ’im nspm mown mpnP Y'=P W o’Witmooxn inx 

miD mn ITT* Tram nsn nxnn x*m Y’Dpn n* nan nPipann nx nwn mxmooxn 

.yinri 

xm Y’spn yinptn 5,000kg »nn mnyn nomy ,6xl0 24 kg X’n Yum t™ nonK/ l in] 

.100N/m 
:nN niyn .r 

-mD!? ^non rrtaynn nnyunzi mnynn rawn inm Vm (1) 
.mnynn ’pi’ponn jvK/oinn n^om nsnxn inm yra (2) 
.mnynn ‘py ‘pynn rnnon nn (3) 
.y^opn jinnNnn (4) 

cpyunn dn a^yon muiNinooNn ,w !?rn iornu/ nnN ‘p^on*? noyn mnynm*/ mn >j 
.^^ynn ‘pi’pon'p p-'i'/nn iimn nynp mmnna yn 1 ? n^nnn Nm “pn nNnimi rbw 

.v\Loy y^Dpn 'iw rvD'iNnnn t\h ni^n .1 

n *nnn Nmi .ennn myunn nN nmn D’uiwnuoNn ,unnn 'rbon'y ny^n mnynnty inN 1 ? 
ymn M?onn n oV»n mmNinuoNn .mnon nn nyDK/nn yiNn mn 1 ? nnon Knnn yi: 1 ? 

.-pDD'pii/ D’li/nm iNinni'/ no pud^n win mnynn 


mnynn 


yoNn m 


B nmpn in A nmpn hyp n'pimi mnynn nrpnn DNn yopi mnynn l ?Y?on l ? ornmn j a 

.“inynp nN "non ? 

jin ~oon . B nmpn nniiiNnn mup in muy ,n L ?i _ Q A nmpn mnynn nyiNii on ynp .n 

■inynp 

dn -non .B nmpn inniNnnn mop in mi \u .n 1 ?™ A nmpn ynpn nniNnn on yop .n 

.“inynp 
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m'ooo hi 'ikv - 8 poo 


np'jjna noiemni mbNe/n ido 



nDiyn x-*n n^ir o-anao raonyn 
omanon nid/N irooao ->aid/n noonann 
nionn on .D.nbid/ nonn ronnb o^oon 
Nin nonn ronn ,ninr DPoaon 'w bid/ 
TDin po -Qnnn apn bid/ yynNn mipa 
■’dk/ onana dn ,nw nnayb .□■’ooaon nid/ 

, m 2 -a m l ,naaaid/ naon dpi 1 ? mj^vj D^noao 
^didd mnn nonn mn pnnn ^n 

who ,x = —^ m 2 -i-ji 'jy i ln] 
m ] +m 2 

.n’ooaon Mid/ '•ronn -po pmnn Nan d 



D^nDiD ■‘w Dman ■paobid/ D' , id/nnn 
™ Tiiwnn noaon non .(o^nn C nnapan) onbid/ nonn ronn mapa mo Bmmonnn 
m 2 aoiDn ronn ,mj noion ronn .onyian ~)bnno .m 2 =4m k 'n nid/n ooaon nom m, =m 

.lOK nn/ 1 ap by pm bo o-Nyna ,C ,nonn room 


. d bnam nayynNo inoaid/n on yon .D-ooaon nid/n nnN bo bid/ bibonn orn on N*n .k 
mn^ .iraiid/n tin noon omr noid/n dm ?onaid/ w omr o^ooion nid/ bid/ mrnnn nnr dn.o .o 

.nm ' 1 ban* mrnn pr ts/-* o’ooaon 'w -pon mb yop 
.d-Mn cpb-un nayynNO inoiid/n n k nuo .omoaon nid/n nnN bo bid/ narnnn pr n k Nyn .a 
m □‘‘bom nayynNO -poaid/n hn noo .omoaon \nd/n nnN bo bid/ rrnpn rnomn.n hn Nyn .1 

.d -a 

by byion bipid/n mon nr ap by nnapa ar*No yop .n’ooaon Mid/ -po nonnn ipn -paNb ya rpa .n 

■ d nayynNO -|noiid/n on noo .ooNnn nun 



Drp o nnono nNyna Nm ioid/ oyno D-ion inr pnob myya n\o nbnnno .nn^b nonpnn n-bbn 
nn^b o-’oon ^yn bibonb noaoa Nm pn nnNba ,nnm non 600km bid/ pnnno nom ronnb 


.1,740km Nan nom oi’-rb/ yvp .mon 600km nom 
nbio 1 Nm ,vio byn n"p 600 nom nom ronnb onm nnaano noyya rvbbnnid/ onNb dn.o .k 

■inoiid/n nN noon ?D' , yaan nbyon Nbb nr mpno nniano n^id/^nb 
^yaan d* b^yonb pay n^n -b^yn babono nn^b 0-00 nan n’bbnn aoid/ nid/n obid/o n\n .0 
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m'asa jii'ixw - 8 


np'iDKQ nniunni nrtNwnTSO 


.^niniyn nx "aon ?n' , y?nn 

n^nn ^ irtwnn nynnn 'rv iimnn ini nx inn irtra D'xxmn o'uixinuoxn .1 

.n-pn non nx n»n .nipi 49.5-1 onw xiras lxsm nV? a’aon 

'id ly nnnni ovomi onto o^pira l'n n'Wrci o’oixmooxn V*n to on'n nx nurn .1 

iD-'xan Dnpnn ■ok/h mm 

,v3Dn 600km nimn mm td in'? orra nnnm nn-m n’WnniiO ,-piyx-in j!?vn (1) 
-nmn niD nyDiyrQ n -rt ran Wk>: m nvura nn-n irttnniio ,^n ^ (2) 


WKKKM 

-n-o ^ -won nmxn nx onpinn rrm ,xoxi .n’xpnnxn Wnn mmo ^ □’op’ran to 

n^nun nirein l'piipnniy nrr-nnn nixmn . h ,Y"»xn m3 n:mn b\u n^piiDD , g .yixi 

i-pDs'pii 


h( km) 

640 

1280 

1920 

2560 

3200 

3840 

4480 

5120 

g(m/s 2 ) 

8.12 

6.81 

5.80 

5.00 

4.36 

3.83 

3.40 

3.02 


nx-i) 9.8m/s 2 x’hk/ (A = 0) Y™n m3 ’m ™n nmxn nx w«n g 0 > h nani 


1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.1 
1 

0.9 
0.8 

0 1000 2000 3000 4000 5000 6000 

h( km) 


(9.8/g) 1 ' 2 
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x-.nD mnn (r) prnnnrraprco ( # ) x "rm nsnwl nx ^ 


lnniy noin .* 




niu'an niyanNn 


wn R e -i yiNn hid non M E i^d 
^ 3n T wn n * ™ nnn * nn ■'^P' 7 n-npn tvoui*/ nmnnn y’Anl? pniy n«m .a 

• R e ,Y™n hid oim ok ntym ompn tvodi*/ nypm pnin ^ad -, T ym .a 
Y ™ n mo Dim !?yi 9.8m/s 2 mn Y^n hid no >y -non n^ixn ^ 11J1]n >y -, n non .1 

.K"mD non nx ntyni ompn ^pyoa noi'/mi'/ 



lDDy a'-rn'm nmop .omm noon D^An on^w! ^mu/ .pi* n ^ n , aD1Dn 7nx ^ n , non 
on no>n -no n^n inx to nnyi ,omnn >y omm idok on .n^ irnr wvnv npnn 
om-i^-t pnnn u n’Krtwn nprnn tud ,T 2 ,vnm !?k/ nrnnn pr yimn ok ™nnn «pA luuniy 
:n,an misinn d^dia top a’-prfmn onpnn . r 3 .noto ddid TDinn 



. v iNT , t> ~\\up Kin n'npnn rwyfowi r 3 "pm T 2 ■pn nypn ynn naon .n 
nK noon ?mr‘D iupn yio^K/n nN 1y □ r- rnbnn lomiyid/ DrnAn Twnbvj -pan ->n^ ynp .o, 

•inyop 

mm nx W”nn Tun yio^ ya omn nx oif/n .3} 'd 'xnniy nonn nt>m p-ry nomy yin .a 

.ply mm nx AJT’nn ^mn yio -1 ^ ■pm ■‘xnoi'/ 
'xnoiy bi u ,1.326gr/ cm 3 xm pi* nD'pn ddid *?i y nonn niDmaiy 11m (*) .i 

‘‘"'tyoxn mva iupn nmnn inr nx oti/n .1.29gr/cm 3 omix *?w 0.687 gr/cm 3 



m'aoa. jii'ikw - 8 p~>9 


tiqiwihi ni^K^ri i9Q 


n*n ano ^ msoinoxn oy tdww ** "* ™ 3n ™ ta =”” 

.-poiKm nM ms .(rv*3T 


p^ wn o^ona ,2-! 1 ,n* ’»*>o* o'*. non* w> ^ “ lnn °' linn:i 

.aann mo fn ,pm v»i *o ,iaiv kwi -nnnn ipne» id 


m! 1 m 

o—o--- 

i \ \ 2 


1 n*>n mo pmoiy ,™ to m ,nnr non «p np^n mo -yxfm , M x>n aoion non* pm 

.0.8J Min ooion TDinn 2 no’pn noio prione/i d Min qdidh tnnn 

-own ,.r nonynn n*n mo ™ n-pre* to- m. n*>P S» P™ o n*on j. 

,-p 1 ? nmon ^nn 

1T n ->vnn no'pn ^noio nu/n inx 'po 'pyion *?ipii/n iron j\vd inn yop ( 1 ) . i 

-jraiK/n nM mon ?ini’ ‘pita 'pipiy mo 'pyis no'pn ^did 3 n ‘py y^P (2) 

:nM Man o 

.ro'pn ■•noio 'piy m nonn mynnMO imni'/n nM moo .(M) ^didh non (1) 

m Qiyrjn myynMO “inoii'/n nM moo .no'pn ■aoio ‘‘iiy “p^ nmnn inr (2) 

.t^niyn mna ooiyn ikt ip iniM ‘py D’M»n no^p rrno ^ww D'nyo’p nnp iymyn noiyno .i 

.n'PDp *?ti/ pinn no o^pnn nMt 'poo yrrn noon 


-nrnnn inrun ,384,000km Min Y™n w ^nnn nmn ‘pk/ ymnnn pmnnu/ jtt 
, 7.35xl0 22 kgMVi nmn non ,27.3day Min y^n uto =rao myino 

:nM -to'po Vm ommn ino 'py ou/n .m 
.nmn 'py ’p’yon Y"*^n mrou/ no^u/nn mo ( 1 ) 










nrapa jm'ikvj - 8 ,-ng 


n,7'33na naie/nni nrtxiyn iso 

■Y"wn titd non (2) 


’°”‘ n W -on D'jn Yixn -, ro n , no 


(d 7 jt) -nmnn ]nr 

(km) bibonn om 

l’riibn 


20,000 

1 


10,000 

2 

-- 

5,000 ~ 

3 


.nb* Dn'mib \>\y nrnnn nnr (1) 
inm to X-™ to nnrynn rp ton pm rn -»» w, r rt> to toonn om (2) 

•Y">Nn "ino no by mipa nm* byn inynn -jbnjn 

• n ™ Knm Y1m 1173 ™ ra ^ TT*> n im* Y-n ™, w n -ton 

mto rtorrn n„* n-tonn to to™ *W n nn nr rp to nmprn mpm n * 

n~pn imby b^yDniy 


v k ^ v i *. i i /acA 

n’non ’toyn toon'r norarr o^ynn nrm mn mrt nznprrnrro, ,mm n^ nntor n ^, ra 
■nrnnn inn:' wxn Yi«n iron mt/runn ’inx n'npryr!/ D'rynn ,rras ton 1000km ram * 
mn on«n to wm*, yrr .nrp-r 27-r nw ™ Kln ™* nrarorr *>rynn toona nto 

.3,400 km 

.□"•iNn non nbi otyn 
■ D ‘ , ™n no by nzron nmxn n\ nid/n a 
• km/s m-rnn inmid/n n* Nun .onra zrno nnynnn rmnd/an nrnnn n* ntd/n .a 
■-ono n’K/Dinn n*Mn nsn*n n* md/m rvbaynn nnynnn jvmidun n*iKn nx zuyn .7 

.□■•7Kn zrno Trm\u\T\ bibon 

nyrrn itona Jrtwnn nnyrrna row yrr toaa rvtonlr -nrypn ipnn o«p rvryr mb Y rnn .n 
.md/iid/ann imprann nnxb lpnnn nyun nx nxn .boon pnann n’m^n 


. Oberon-i Titania .Ariel .Miranda 
oomx moo ibid/ mrnnn ]nn 



.Dm dtit* nynnx o^n ooxmx nobn nomb muon 
583,420km xin Oberon bid/ bibonn ovnnid/ pm 

. 13.43 day 
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rrr'UDa mVxvy - 8 pTD 


np'Aina Jiaionni ni'ix^n i90 


:nKin nbiun nN nbid/n .n 


(day) nrnn inr 

(km) bibonn ovn 

rmn 


129,850 

Miranda 


190,930 

Ariel 


436,270 

Titania 

13.43 

583,420 

Oberon 


.oidtin bid/ nonn nN nid/n .1 

nid/n .mru nmiAn n’lipn nn’nnn oidtin nno lbibonn An D’m’n nymN yin ’n yip .a 

it nrrnn 

om in myid/ lid/’ ip by D’Niini Miranda -i Oberon D’m’n d’io n yAiiid/ yin: (*) .1 
oin in myn iid/’ ip by mid/ nvnb D’inn Dn yat nni in* 1 ? nid/n .(o’idnn nNi) outin 

.omiN 



bi v iT'apjiDD rob ini b \u imin mtd/n n’id/Dinn nb’Din nidiNn nN iNnnn nu’in nno .n 
. nibn hid ovn Nin R 1 k/jo , r > R iny , r imnn pmnm M iron non 
n’id/Dinn nb’Din n*iNn ,g(r ) nN Nunb innid/ nnm Diipn «yyoi nnn’Did/ ’iu’ii iryn .1 

R 11d/?o , g(r) = g 0 (R / r ) 2 mo’in niyanNi ,( r>R my) rob ioid mnn r pmm 
.nibn iDiD ’3D by ’id/Dinn nb’Din nidiNn N’n g 0 -i nibn mm ovn Nin 
,R e = 6,380km iin3.0.16g 0 -b mil’ iron naiNn yiNn nn non niiA nrNi iid/n .a 
nb’D3n nyiNnb n’id/Dinn nb’Din nxiNn nnnid/n Y">^^ hid no byn mm nr’Ni ntd/n .1 
■pn on’m 6,380km yiNn mi 01m ,1,740km m’n m’liid/ yim .m’n ’id by n’ld/Dinn 

.ni’pi 81 Kin ni’n nonb yiNn hid non 
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n-raja Trtmw - 8 p->9 _ njTOm JlQIjjJJini JTljxgjn 190 

,inN !?o m ,nnr non on!? mj^mj oo ,,i, n^ ok/ 
o"biyn o^on ok/o yi^n ino n-'oo non 
b\u !?i!?onn orn .iw'n mi/o □‘wunin 
b\u bi^onn ovm r x Nin yiK/Nin yoibn 
D^K/nra iNinnK/ ->00 ,r 2 Kin - , 3 kyn yoibn 

.yiDb 

ok/ b\u mo-rnnn ya on-'n nx xxn .x 
-|rQiK/n nx Non .v 2 /v, .D’nftn 

./j-i r 2 rnyanNn 

. r x -l r 2 my^nNn -|nniK/n r\x Nun .T 2 /T x ,oo-*oi l ?n ok/ biv nrnnn onr yn omn nN xxn .n 
-pniK/n jin Non .SF 2 / Si 5 ; ,DO-"nt>n ok/ t>y o^yion D^ipK/n mnon yn on^n nN xxn .a 

.Tj-i r 2 niyynNn 

moyo nK/n .yiNn hid man -yn -niyK/ nun ip t>y vn oo-'oi^n ok/ Doon ynnK/ noD .i 
■jraiK/n nN Non .\ixr\ inn rznn Yn nmyK/ ip miN by nvn 1 ? Dnnn on inr nno 

.2 yoi'pn 'pk/ T 2 rnmnn inn r 2 ,r x iD^-nn niyynNn 

CK/nno iNinnK/ ’on d-'otno by imy ovm no 1 ? nmn od by nnK/nn ip by N^nin oiNmooN 

,'n 

oiNnnooNn nom R loi’n , M mon , T n^nn^on inyonn nn!?n nnm b\u nrnnn inr :yin] 

. m 

t_ 


'a D’ly-in 
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mnn nibKiy - 8 pno 


np'una mainmm jiThwh iso 


.nab ma bii/ "miK/n ip" roinn nK non .k 
,M ,m mbim my*nK:i iraiK/n nK Kin .(oiKinooKn bpii/n) DmrKnn nKnp nK K*n a 

T-i R 

nm by ,im nno nnnmn inyiina ,nabn inn mv K/mn nrnnn -\nr nK uxn .a 
.M-i R mb-un myiinKn -|naiii/n nK Kin ."bpii/n ion" mm uiKinuoKnid/ 

-i R e = 6,380km pm .yiKn nm my Dysn ,DTipn TV^n mui/mi'/ inrn nK mi/m mm .i 

.M £ =6xl0 24 kg 

-imnnii/ ’do ,« nnn ipa nabn odd no by D-'minn mnrKn by Kym uiKinuoKn nya 

.'a D'li/irQ 

,m o^b-un myynKn -|nmii/n nK Kin .(oiKinooKn bpii/n) DmrKnn nKnp nK Kyn (**) .n 

. T -l a , i? , M 

by byion -non nnb nnii/ DmtKnn nKnp nsbn idid ■»» by mpm nr>Ka yap .1 

■imiii/n non .uiKinuoKn 



(Titius-Bode law) mm Kipaid/ pinb (Johann Bode) tq iKnv minooKn ynn 1772 mm 

.1717 mii/n nrn pinb ivym mnii/ pii/Kin mn ormu . 
\\un\urcn nabn nan ’pmn nK mii/nb ni/DKnn ,Kan mnnnn nii/pn Kin tq-opitu pin 
pina nirnmn .nm nabn idid my 0-n bmnnii/ Dbi v mon Kin n ni/KD ,r = 0.4 + 0.3(2) 
.\un\uiw yiKn ira in yyinnn pnmn Kin 1AU = 150,000,000km ie/kd AU in nr 

.nm-oiom pinb DKnnn •pmbi'/ nbnon nK obid/n .k 


n 

0 

1 

2 

3 

4 

5 

6 

r(AU) 









nbaim nK obif/m mK pnK npm ik (nnnn mrnab 'inann) niKnonn *i-n nryn .a 


n 

(AU) y/nK/nn pnmn 

nabn nan 



nxn 



Y“inh ivtd 



Winn 



p-ry 



'Kmur 



o irriN 
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■vra^a ni 'iwij - 8 pia 


np'jjna. maiwrini m^Kwn ido 


T"> a ^ vap .""ion" ro^ aoio i ip\u D^An 'a-i 'k □■’D^yon niKbaun tik/ pa nKiiK/nn .a 

.nr nat> aaia 1 ? K/niyn pa pnmn nrn 1 ? 

niyn .(Ceres) oip K^piiy -pkiiuok ciaya Kinid/ "nonn ro^n aaia" ,-pAnn 1801 miya .1 

.wnw n zrao inynna t>\u mrnnn pr dk 



nyDK/nn vjrwft a^aon maainonn pk ->iyiA on cp-PKriuoKn 
D-'aop Dnnnn ynt> □■‘‘?ia-*i □mi'/ n'PK DnaK nnn .nmaan mo 
\>vj rrmn nn T *p .pia 1 ? □ ■'inn pa .DPom^p mn^y 1 ? ly T\m 
.□'m □‘■'pi'pona li/niyn a^ao □‘‘Ann □■‘■pntiuon ■'d'pk mxn 
Kin (n/nfes/t? anpn yi'ponn) it mun !?iy ’nnon omi 
Y"iKn hid pnnniy yrr .5xl0 8 km Kin mym 3xl0 8 km 
ir^o inyiina P?iy mrnnn prid/i 1.5xl0 8 km Kin lyniynn 

.nnK mt£/ Kin vjnvj 1 ? 
:n k aii/n nbKiyn mnoa Dmmn "po 'py .k 
.\un\u'} anpn ^frona D’-pKnooKn ■? \u mrnnn pr ( 1 ) 
.u/nu/nn pirnn 'pi'pona □‘•■PKnuoKn \>\u mrnnn pr ( 2 ) 
nnon ?nn nr isainn!? .D’-pKnuoKn rrmna onynn I'jnm p^id -1 D-'-pKnuoKn DKn .a 

."inaie/n dk 

.0.6xl0 21 kg K-*n D’TKnooKn rrmn •?!u pimn napa Kanin CTKinuoKn mK non .a 
■ , t>n - 'opnn yiyn pm u/nu/n 't 'py nT tkiiuok 'py ^yDiniy na’ii/nn ma pa omn hk aii/n 
Kin \un\ur\n pia pmnn/ pm .pia ro^n aaia ’t ^?y r'py 'pyainn nmti/nn ma 'pty 

. 7 . 78 x 10 " km 

iDTinid/ TKnooKn may n'PDp pin a'n^pnn DKn yap mipn pya 1 ? inaiiyn "po “py .i 

.■pmi'/n dk noon ?□ \u 

8 mi rpwti 

pmniy pm .(Deimos) oinn ni'/ni (Phobos) oiaia Knpi mKn .□■*nm ni u onn onKn ano 
7.5 Kin □■‘iKn 1 ? anon inyiina l^Piy mrnnn pny .r^PSOOkm Kin tnKn ramo opid 

.niyti/ 30 Kin oimn ^\u mrnnn prtyi m y\u 
.d^ikd rannn oin - *! pnm hk iwn .k 
.□■• nKn non dk atyn .a 

3,400km-a Kin cp-rKn dt*tib/ pm .DnKn md t>y mtJ/Dinn n^Din naiKn hk aii/n .a 
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n-r'aDi ni^Nvy - 8 pnD 


np'jpnp many Tin i THjxgjn ~>9P 


Winn romn pnm nrND .m y\u 24 Nin its d^do inyunD DMNn "pid/ nmnn inrid/ yim .1 
tyn pm ‘jd iN^id/ run 'py ''nyn 'pi'ponD yw pm 1 ? o-ODrt? k/-* l^ts/ nnid/nn ip m^nDi 

.DnNn "pid/ nnid/nmp mipi nniN 

tnbon ovtq , nnid/nn ip ‘pyn .miNn d'do '■ppyn 'Pi'ponD yiid/ non pm 1 ? Dmid/n (**) .n 
iw DiD->on pro 1 ? min proD an Nintd/ id ,DTipn rpyQj. m^nid/ pmnn ym!> nntd/id/ 
.D-^Nn no t>y mipi nm« ‘jyn pm'pn mn inr nnD 'pd nid/n .its d^do □'•iNn 

rrroN ^ 

othti m pnfrn non ,M no^n ddid non ;pm .no^ ddid d^do ^wn 'pi'ponD an p’Tfr 

. r Nin pm'pn ‘pid/ 'pi'ponn 
.r-i M D-' l ?-un mysnND i^onD pm^n ^>id/ mnpn niTnnn nN yDn .n 
. r-i m ,M □■•'puin mysnND pm'pn 'pid/ , is* ,morpn mniNn nN yDn .2 
U G -uukj ,E k =-\U g nid/pn nN nn^pn ’‘puynn i^onD ^nbn nynnid/ nDin .y 

.p’ii!?n 'yvj n’mso’DUin m^N^sioiDn mmiNn 
iN^n i^i!?onD pm'pn ■?!v n^PiDn mniNnid/ nDin .i 

E GmM U G 
2 r 2 

.DTipn «pyon noid/^n nniN .p-rfrn *pi u n'p'piDn ri’ni^n 'pid/ niynid/nn ■•nn -Qon .n 

. r v lovnid/ ^yyn 'pi'ponD Y _l ^ n thd ann pni'PD moo’po niK/wnn td/nnn -pniioon 
no 1 ? pm'pn nrrnn Nm v, nd/ND ,1.8v, Nm mid/pinnn nob -PNinooNn nmnnid/ pm 

.pm'pn nynn pr*DD Nin mid/amnn no 1 ? yxi TNinooNn niTnn pirn ,mid/pinnn 

.nnN 'pd m ,mnr TNnooNm pm'pn *?id/ mo nnvj ay pm 
nod .mtmnnn '■nnN rn TNnooNm pm'pn 'yvj (proi ‘pm) nomid/nn nrrnnn nN nsd .n 

.r x - 1 M e iD^-r^n mysnND -)nDiid/n nN 

mysnND inDiid/n nN nod .■ > '?yyn Ninid/ nmnD .p’n^n 'yw id/-rnn 'pi'ponn oim nN Nsn .d 

.r x 'pmn 

mn 'py niid/pinnn no 1 ? TNinooNn nDy mnid/DNn imn n'pmn nimnnn nN Nsn .y 
M e lo^ipn mysnND nnDiid/n nN nod .yiNn hid 1 ? o' , nid/p TiNtd/‘ n pni'pni TNinooNnid/ 

.r r i 

prD 1 ? min pr»DD moo'PDn mid/Jinnn no 1 ? yi TNinooNn dn 'd-i 'n □■*D‘ , yon t»y my .1 

.pni'pn nynn 
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rrr'aDi ni'jKvy - 8 j7io 


niTjjna. jiaiujini nrtKu/n noo 



nDn ,*p n nNiiinD .9km/s b\u rprftnnn nirnnai nmon rpnro ynNn "mo ■>:on no n'-\v 
!?dq nmrnl? n:jv:TTiNn nnMnn myyn 1 ? ioim yiNn mio o^oo ^ayn yi'pon 1 ? o:d: 

.rt?Ni£/n ■‘D’ye 

.non b\u ■‘‘nynn Vibonn omi fin nu/n m 
t?y ,yiKn hid o->oo ’’nynn i>it>onn no 1 ? rmpnt> lyiy n^n’rnn nwnnn tnn jin oiyn .a 

•YOnd ttd b\u nmoon mwn Tinruyiy nin 
r\m by mio o-ao '!nynn l^ono no 1 ? rmprft \tr\u nrvnnn nooin n* otyn 

:dn ,yoNn hid b\u nmoon mK/n Tinnii/n^ 
.non nrpnn iivon N->n rm’nnn nooin (1 
.non nimnn^ oyj iivoo N'n nrnnnn nooin (2 

.n'pyn ^o ^o:n -pron 9km/ s b\u niTnro non n* Q'ir in* mpro 
.ypnpn no^ orva non ynn v*?n ■'brpopnn nnnn rusr ne/n .i 
mK/n mnniyiy n:n by ynNn nno no by not> mipn 1 ? vj'w n^n’ran mTnnn nx ni£/n .n 

.(nn-non niTnn) yoNn in: b\u nToon 



dn □■’cnyn yiNn irro irao ,10,000km bw omn ■'bxyn t>i‘?on l ? cion 1 ? n:n by 
n^Nn nnoynn ,’isnn non 1 ? nynnn .yoNn -mo ■’ion n-miynn y?n mioyn by ■pm'pn 
T^nn -uy* ,i«i*n n* mnniyni nr tn'pont? nn^nnn rnmnn!? ny T»ny> iyvnn 'n'pono 
.1000kg i”i*n noniy -pm .yoNn ono b\u nmoon mo nyoK/no n ■'byyn nynno 

.nnnr miiNn nrmnni*/ nmno D' , Nnn □' , o' , yon by my 
.T’Tfrn mniy y;no nnoynn niTnn n* oiyn .k 
I'n'pono inoion 1 ? ny yiNn mo ■•ion ■pm^n moyno nyyon nmoynniy mioyn nN oii/n .o 

.yiNn mo 1 ? moon 

10 nwb .15,000km iothik/ yinN yi^on^> •pm'pn nN moyn!? □■'o^nn □■•iiy noon nn^ 1 ? 

.lyrnn ‘?i^on l ? im?< nmoym y , 'nbb mnnnn .mioynn oiii/ D'nAiyn 

.ir n^iyoo nyxon mioynniy mioyn oii/n .j 
. iymn tn'pona i^n b\u n^ion nnm^n dm oti/n .i 
nno b\u nmoon mid/n fii bn nn mmy 1 ? mn by y^punb yj'vj n’^n’rnn mioyn dn oii/n .n 

.lirrnn i^ono \miyo yn^n 
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niQ 33 . - 8 JITD 


nyjnnn nawnm nftx^n i90 



io-pm 7.35xl0 22 kg n-rn nomy ,6,380km lorm 6xl0 24 kg K’n y-iNn ivd noniy ^ 1T 
,384,000km Nin nTn mm yiKn "inn rDin yn ysinnn pmnmyi 1,740km 
□■'■'pnn nniy C-n yony mipi nn’-'p rn-'n mini yiKn hid mn yn mnnn lpn 'py ,n 
n* niyn ,odn Nin yiNn ttdi nT>n nyniynn it mipm minn hia ^y 'pyiDn 'pipiyn mnniy 

.ynNn n-rn mnn it mipi pnm 

tad^> mipn 1 ? vnu rrtwrnn nrr'nnn nN niyn .rn-'n nD 1 ? y-iNn mm ->]Dn tad iw 1 ? □■‘an .n 

.ttind nrmnn nN ram .nm 1 ? ypiy run 
,n"pn non mipn yyonn non ‘ak/ nyADn niT’nn nN niyn .a 



inoniy Tiynn Niyn yn'An , 11 , 800 km lor-niy ■•‘AAyn Won: yiNn nm n-ao nmnon yn!? 

, 500 kg N’n Tiynnn n!? 1 ? yn'An non , 300 kg 

nNtnnn .nnnon n->n , ?nnn nrr'nnn T'lynnn nN -lAtyn yWn it mon 1 ? nyrn nmn my^nNn 

, 14 , 000 km lomny iym ’Wiyn !n!?on!> T'lynnn nmy inn 
.-'n'pnnnn ‘?i‘?onn (T'lynnn !?!nn) ynW nrpnn nN niyn ,n 
. yn'An nynn yrnn lAiiy -piynnniy yn: on T'lynnn !?iy "iiA-'iyn niT'nn nN niyn ,n 

.T'lynnn i:nn lAiiyiy in^ yn!?n niT'nn nN niyn .a 
yn!?n 'At:/ iymn l Ai , ?onniy nmn: .T'lynnn nA-'iy ini<!) ymW !?iy iyrnn ^onn nN niyn .i 

,-^a yn Nin 
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nmas - 8 jns Tii'nw minus 


np'jjna maie/rmi ni^Nwn ido 


iTF'^D - 8 |719 711*7X12; 111311119 


:h:ipnn nijnnxn niNni'/nn Tiii/n 


M 


Earth _ *2 _ 


M 


Moon 


(t^ 2 

\ t \j 


= 9 2 =81 


^Earth ~ 81 MMoo„ 


,mniyn k 1 ? ( e ipvin) hihonn -piNi mwi .n 

imn mynu/n ,9 m mrnnn inn 

:p^ ,9 m mop nmn nmo pnPn mmnnii/ 

7,510m/s onA AA , 
v ? =-= 834.44 m/ s 


n'mp *?\u ’t'/Pt'/n pinn \unr\m ,x 


l _s 

3 


±E 

r 3 
r E 


.S-Satum-l E-Earth "ik/nd 



= r. 


( n 3 
r. 


\ r E 


f- =lyr > /(9.5) 3 = 29.3yr 


.n 


"imy puri bvj nn/n pinn ti/imi u - , t> hy ( 1 ) 

Pnpnn ■’Mmii/ ns hy ‘mon rri momy ^n 

GM s m’ 


*A- 

m 


m 


GM, 


s _ 


m 


Ri 


(6.67xl0“ u )(5.69xl0 26 ) m 

= ---- = 10.54-^- 

(6xl0 7 ) s 

□’’hon pNnzuy no hy D^min nmim (2) 
(■'N’nnii/ ro5n d.did ram) iram 1 ? onn 
nsnNn xmiy , 10.54m/s 2 nymiy nyiNnn 
mn n 1 ? ■’Krai'/ dn .my rntysinn n’jrain 
nrrvi it n^i^n ,in*y nmo nmnon 


nbop y ■‘iyptyn pirn iry] .n 


rp2 rp2 
1 2 _ ^ 


r 2 r . 


.pnPn n* 2-i nmn n* bnon 1 ny?o 



= 27.3 day 


= 0.069 day = 1.65 h 


v 384,000 j 

nynnn my pom 5iy niyn pinn vjnnm .n 

:pnPn btu nPaynn 


GM Earth™ 


= m 


( 2k^\ 


^ MEarth ~ 


\T j 
47T 2 r 3 


GT 2 

4 k 1 [7,100xl000] 3 
6.67 x 10 _11 (l .65 x 60 x 60)" 


= 6xl0 24 kg 




2nr 2tt(7,100)x1000 

v =-= —^2- 1 -= 7,510m/s 

T 1.65x60x60 

= 7.51km/s 

1 pmhn my pom ^\u ntyn pinnn .i 
:*?npnn Y"i*n mm mo npjynn inynra 


GM Ear,h™ 


M 


— m 






4 x 2 r 3 


Earth /^rr,2 
G1 \ 

lnynnn 2 pm!? mny !npi my 1 ? nniNin 

:nmn mo nPiynn 


GM Moon™ 


— m 


fin} 1 

V T 2 J 


^ ^Moon ~ 


4 7t 2 r 3 
GT , 2 
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m’lD - 8 [ns jii'inw rmnns 


np'jnnn. mammni jiflK^n tpo 


D , 'P' , p l ?nn nvrnn ,nNr nmy 1 ? .nynon 
nvi nynon 'pid/ oiy’nn p!?nn □■'Kanin 
■pn .nvDann nK oKin nn ,nnvn mopn 
D-'p-'p^nn nn Dim nynonid/ p'on'? ino 
.inK pain ryu mw nrn nr DniDin .D'an 
:^?npnn n!?Dp 'jvj pinn 'D 1 ? .t 



nK cpn^pn n^?K □TiT'ii/ nmn 1 ? nan 'py .k 
ocnid/ niKin 1 ? id / 1 p^op ^\u ■•i u^\ut\ pinn 
con 'py .onyniK nmy ymp Kin T 2 / r 3 
n'pnon n'pnpnn nt>Kid/n miniid/ n'pnon 
cnT’n nyniK nny nr on 1 Aain nn nxnn 


r 2 /r 3 (days 2 /km 3 j 

nn n n 

1.3935 xl0“ 16 

Mimas 

1.3935 xlO" 16 

Pallene 

1.3935 xl0“ 16 

Tethys 

1.3935 xlO" 16 

Dione 


nK aw'pn □‘•ncnid/ Ticnn kidk □ ••Kin 
p'pdp ^\u ■'Kn^K/n pinn 


’id 1 ? -pnon o ,,i pdi 3 D’ann nnid/ naiKnn 
iKid/ 1 ? nnnn) ‘•Knntd/iy l ? l ?jn ^>nK .-•Knnid/ 
■pn 1 ? id/ - * pea cno da nmnon (nn'pn 'nmn 
■pvnn) c’po'Dnoi'a naiKn V 3 D !?y n-np 3 
nmpin nny it naiKn 'ptia .(rnnnn 
:Kin ■'Knnid/ ■?!u miid/nn ip ‘py niKanin 



no nyotd/nn D^oon D’DiAn naiKn p 1 ? 
I'pid/ nnid/nn ip 1 ? "pnon ■'Knnid/ t>id/ minn 
;■? miiy ,ypnpn od 1 ? ocm 
g’ = g-a c =10.54-1.6 = 8.94m/s 2 

nmnonn pain ^ia K’n nynon ok .a 
b\y niTon mrnn rK ,g> cnr nrr'nnn 
, Vj = a)R x :’t 'py mini n'pid/ ■'noon p'pnn 
nirnm ,^=(60,000 + 6,630)1011 nd/K0 
it 1 ^?y mini n*?K/ ma’nn p^?nn 'pid/ mcon 

nid/KD v 2 = g)R 2 

. = (60,000 +120,700) km 

nmo nn v 2 > v, -\u 'pnpi ,R 2 >R l -\u limn 

.rt/Kid/n yinm nK 
D' , p' , p , ?nn nnnnn nynon DK ,nKr nmy 1 ? 
■pn ninyid/ !?np3 pnmn mn nyoid/nn □’’Ann 
rnmn r pmnn Kanin m inonid/ p'p'pn 

iD^pim ’Nrinid/ 

GM*m v 2 [gm7 

- f — = m — =>v = ,-- 

r r v r 

nr nd/pn .■'Knnid/ non k\i M s iw o 

■pi u ir K^n nnnn n'piiAn nrvnnnid/ □'''pnpn 

'iw ■’cddo p’pnn D'Kanin □••p' , p , pnn 


317 





mraa - 8 pnD nrtwy nnnn 9 


np’jjna. naivynm nrtKi'/n 


4;r 2 _ (7-2.8)(24x3600s) 2 
GM S ~ (50 - 20) x 10 15 (1000 m) 3 

= 1.045 xlO -15 -^- 
m 


I'pap] i?on 


M s = 


An 


(6.67xl0 _I1 )(1.045xl0 -15 ) 

= 5.66xl0 26 kg 

:tapn 'x T'yon n^pu/ orra \unr\m .i 

^-=1.3935 xl0“ ieday2 
r 

=> r = 31 


km 


1 1.3935 xl0~ 16 day 2 /km 
(l5.94day) 2 

' 1.3935 x 10~ 16 day 2 / km 3 ~~ 
1,221,677 km 



rri'pn nny -pup:] ^vj pirn mn'w .x 

:irm zrnon n’baynn myimn 

GmM s v 2 ... 2 GM ? 

- Y JL = m — =>(1) v 2 =-$- 

r r r 


iD^pnn ''i\y "ran 


2 nr vT 

v =- =>r =— 

T In 

:*?np]l (1) nr nyp 

v 2_ GM s 
vT / 2n 

=>T = (2nGM s )\ 


'iw n^piiDD T u yon 1 ? w .n 

: (1 / v 3 ) 


T (days) 

1/v 3 

xlO-V/km 3 ) 

0.94 

3.41 


T 2 (day 2 ) 

r 3 (xl0 15 km 2 ) 

0.9 

6.4 

1.33 

9.6 

3.6 

25.5 

7.5 

53.8 


.A 



ivr Tiny por*] *?t£/ ■‘JK/n pirn \unr\m .i 
:tapDi ■'Nraiy vrvn iniy'PD 


GM-m 

- r— = m 


2 n 


^T = 


An 

~GM 


2 A 


5 7 


.■•Nniiiy non nvi M, "iiy?o 


Nunn «yiAn yio 1 !'/ Diipn ^von •'D ‘py .n 


.^miy non k\i M -\m o 


4;r 

~GM 


b-mn nN 


nx \ir ■‘Nnni'/ non nx niyn^ run “py 
t>y mnp] -*nid/ inn] id rny^i .tiad yiEPi'/ 
(20xlO 15 km 3 ,2.8day 2 ) innArr 1 ? ,nmnn ip 
iD-'-'pnn .(50xl0 15 km 3 ,7day 2 )-i 
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nriD - 8 ins jii'inw nnrmp 


np'una nownni nTjxgn too 


1 KDD 


GM 


2 


E _ 


(6.673xl0' u )(6xl0 24 ) 


= 4m/ s 2 


-rrron nyiNn Nin GM E !r 2 'rmn In'? d’k/ 


.yiNn hid TDinn r pmnn 

( 2 ) 


, , GM F m/r 2 GM E 
g(r)= - 1 --- 


m 


(6.673 xlO~")(6xlO i4 ) 

( 10 ’) ! 

F = Mg = (5,000)(4) = 20,000N (3) 


-rnon!? inn .odn n\-i Y^pn niDiMnn (4) 

:niK/m TUi/n nxr 
n^Dinn n'r'Din nyiNni'/ pr*Dn irmiwnn 
naiNrt> mi w mnynn -pm □‘•sun \u 
nnynn Wn x"m: ram •n'ra mnynn 
lira d'diah miNniy tapi .rrtaynn 
imto ,ddm N’n mnyn!) onn mnynn 
^pwn minn D‘ , Nani mnynn -pm D’sun 
.ddk nnn yppn nmNnm 
!?y D^yisn mnran tin du'/h mmu/n 
mnran .ypp 1 ? nnK/pn m n^ipu/nn 

_ GM F m . . . 

,F g =— f~ :Dn r^ipid/nn t>y cp^yiDn 
r 


At nnnon nramnn y'Dp!? \u'\u nmnm 
. F sp = kAl :Y'Dpn nra ntnpii/nn 'iv ‘pys - ' 


:Nnn □•‘id/nra DnNinn n^N mnra 



mn n’jipiynn 'pt j iv^ynn nynnn b^ra 


1.15 

4.17 

1.89 

6.84 

2.74 

9.92 


J(day) 



l/v^xiO-V/km 3 ) 

\>y . 2kGM s 'pmn nN Niran c i - nn yis-'i'/ .i 

ip ^y nmpi Tiii/ mm nr yis'K/ nid/n^ mn 

(4 x 10 -4 s 3 / km 3 ,1.1 day) innm 1 ? ,nmnn 

: (8 x 10 -4 s 3 / km 3 ,2.2 day) -l 

2kGM s = (^-1->X24 x 3600s) 

5 (8-4)xl0 -4 s 3 /(1000 m) 3 

=>M s =5.66xl0 26 kg 



.N 


n-ra^ nraon mluynn nnynnn nN^im (1) 
mtum-iurs naiNn mmynt> \u' y -1 * 1 " 1 

v 2 

*pi u ni'/n pinnn .a c =— pt t>y nnnin 

r 

I’pnpi mnynn my n v, pnn iium 

GmM E v 2 v 2 GMr 

- T-^-m — => — = — 
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muj - 8 jns jii bx«/ minus 


np'jjna nme/nni jiTiiwn ido 


naiNn mnynl? \u 1 rnipi bom u bnpi ,yiNn 
:rVrmi yiNn hid roin iivob nniDnn 

„ _GM E m/r 2 _GM e 

Q r — . 

m r 

■ a B >a A » r B < r A -vj pron 

,odn x'r\ Y’opn moixnn rvmpin mida .n 
mipi bon mnynn nsnNnid/ bban nxn 
naiNnb iivsni bim mild/ bibonn yn^ 1 ? 
.{gM e I r 2 ^ nbN mnpm mid/Dinn nb’Din 

nnnynn linn □‘•Dim bi u nyiNnn ,pb 
■non vm Dm odk x 'n nnnynb omn 
mnn y^pn nioixnn pbi ,nDira bpid/n 

.ODN 


mild/ yud/Kin nopn bid/ bibonn orn .x 
mnn nonn rain nnpi pninb 


*.= 


dm , 


d(Am ) 


= 0.8d 


m, + m 2 


w + 4m 
i? 2 = d - R x = 0.2<i 

"ibnnn D-nNid/i Draoion nid/i inxn .n 
rain yii imyid/ ™ lid/ 1 ip by Dnyun 
mixn obtd/ mmo D^n^n dh ,Dnbid/ nonn 
.limn pr iniN Dnb id/ -1 pbi ,pr 
in* nny iiuvi bid/ nid/n pinn id/nnid/i .1 
:tapn (1 ddid t>td/nt>) Draoion 
Gm x m 2 2 „ 

— jr 1 = m \° } R \ 


Gm(4m) 


= m ^rj 0.8 d 


=> T = n* 


j 0.8d 3 

Gm 


= 271 * 


j O.2d 3 
Gm 


:bnpi pb 


T\-T 2 - 2n x 


j 0.2d J 

Gm 


:D- , - , pnn mbbnn Dy 


F g - kAi = m — 


GM F m , . . v 
-#- kA £ = m— 


?_ 

r 


.(1 x yyo nn nxi) v 2 / r = GM E / r 2 iid/>ra 


:nmnxn nNiiid/nnn bnp] pon 


GM F m 

-#- kA£ = m 


(GM E \ 


r 

> kA£ = 0 


V r~ 
A£ — 0 


nyiNn di inn) mnynn nyixn nyn .n 
inn mint) onn (yrapn byi u nbipid/nn 
nann nx^m nbipid/nn pb .odm Y">^ n 
mbyion mnran dido inibo ,*?pii/n mid/ 
lo^pnn pb .odn Kin mby 


*A l= ™h. 


= m\ 


' gm e ' 

. r 2 , 


100A^ = 5(4) =>A^ = 0.2m 


lpn vd ‘jyid/ .i'jdp \>\u nid/n pinn by .1 
inn pm mnynn vn mnnn nvnnn 
,Dniid/ Dnnrn □mid/ □ ,, nuid/ by ^bin yi^n 
bnn w nbm mnynn niTmntd/ bnpi 
no’nbi Y' 1 ^^ limb inv nnnp ^mid/ 
x^ruu bnn inv mop mnn mnynn nrrnn 
A mipnid/ iivon .yi^n mon inv npim 
mipin 11 uxn N"niDn inv npim mnynn 
:inv mop mnn A nnpin nmmnn ,B 

■ v a< v b 


mnynb id / 1 bibonn -piNb nnpi bm .i 
(limn bid/ nid/n pinn by) mronn n^iMn 
Iivon .mby byiDid/ bipid/n min iivdd 
mo Ntin mnynn by byioi u rnmn monid/ 
i 1 ! 1 by iim iid//< .yiKn mi bi u no^id/nn 
mo mn pvin mvn F = GmM E / r 2 


320 




m'lD - 8 paa tii'ikk; nnnns 


npnann. maieirini ngixein ~>9Q 


■>yian nl?yDnn "|m n"p pi? .ODNnn 1 ? 
no mPnn l?v bya 1 ^ nan !>y nPbnn 
Toon no 1 ? lanoo "mam l^nn miK/n 
.rvv'n , t ■py nPy 'pyomn 
“?y l?ymnn inon no l?yio mPnn 'py .a 
nr no .n-pn onn ynoa yionm n-pn ’-p 

nK/pn ’T l?y yina 


J7 GM Moon m 


non m ,n-pn non Ton M Moom ik/nd 


.nTn TDinn pmnn Kin r-i mPnn 
v niT'nn k/ -1 n-pn zrno nann nPl?nl? dn 
nyon 1 ? 11010 ‘pk/ OK/n pinn on nn^pnn 
iron iK/pn nN nnPa ,nPayn 


v GM m m 

m — =-«- 


=> v — t 


GM ; 


Moon 


.nP^nn ^yon on ^yon 1 ? "pix 1 ’n tn 
nyaK/nn n^aynn nnyiana T^nn n i Wnm 
.nT'n nPy ‘p’yonK/ -non no 
nyonn my yioio ‘pk/ OK/n pinn K/nnK/a .1 
:nnP aoon nPl?nn 1pk/ nPaynn 


GmM 


Moon _ 


m 


(2 n \ 2 


M 


Moon 


kT ) 
4/rV 
GT 2 


r = 1,740 + 600 = 2,340 km = 2.34 x 10 6 m 
r = 2^h = 2.825h = 10,170s 


Pupa 

4^ 2 (2.34x10 6 ) 3 

A/f - _^_ L _= 

Moon (6.67xl0- u )(l0,170) 2 
= 7.33xl0 22 kg 

.1 

l?pK/n .nrnana nNsna nP^nn *ik/nd (1) 


ni jjkd ,v = o)r iK/pa K/nnK/a .1 



Kin iiK/Nin monn ir mipa pnmK/ noa .n 

.d-z mm OK/n aaonn npnm pi? ,z 

: ml inonK/ «yu my □■'■'pnn it mipaa 

Gm'm _ Gm'(Am ) 

~ = (“-Z? 

{d-zf , 

=>-- T J ~ = 4 

z 

=> d—L - ±^[4 - +2 

Z 

mNnu/nn Tit'/ dn ^np] pinNn iu/pnn 

:m?on 


£zi2. = -2 
*2 

z l =jd yiK/Knn .manna ok/ Pupa i?on 

.z 2 =-d nnNm 

ok/ OK/n innaa .yiK/Nnn ynnon on maa 
Dan* on m' nonn 'py oPyon mnon 
.Danoa Dnaaan Da 1 * Pon ,D , ?iiao doik/ 
.nr nr oPonn oa^ pPi 



ono nman^ "i^^n nP!>nnK/ nan 'py .m 


ins nPy ‘jyian ^pwri non .nmn ram 1 ? 
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rn'iD - 8 jno nibHvy nnnno 


Hi7‘3jn3. naiumni nibNwn ido 


-b miK/n Y">^n "inn m by -imbn ,r = tf £ 
nnnxn mmnn bnp] pb .g 0 =9.8m/s 2 

g(r) = 9.8 

Tvon bnpnniy -'limn r = R E + h n 1 *] .n 

:bnpn Diipn 


(*11 

„2 

= So 


l r J 


l r J 


g(h) = g 0 


f R* 


V 


yR E + h 


So J 


g(h ) 


+ h 


\ R-E J 


=>-£<!- = H*±* =1 + _L h 
V g(A) ^ 

y^iD ynnNn rpyon bnpnniy iiypnn .a 
by . 1 / i?£ bran n* juf*n 'pan yisniyiy 
Tiiy inn] .rpan yiD->iy n* niynb nm 
:nmrrb ,nmnn ip by nmp] 
.(4,800 km, 1.75)-i (1600 km, 1.25) 

iD^prin 

1 _ 1.75-1.25 

R e ~ 4,800 km-1,600 km 
=> R e - 6,400 km 


icr'pnn .i 


GM 


,2~ = So 


R 


=> M e = J^k = 

£ G 

= (_ 9.8 X 6.4xy =6xio24 
6.67 xlO -11 


nyunn my -pur*] biy -*]iyn pinnn .n 
nnbn 2 D 1 D 1 ? zraoiy D i nT , n b\u nPaynn 

Pnpnn 


GmM 


■ = m 


C 2pt^ 2 


w y 


iPy b-'yoni'/ -Qinn mnb nniy mionooKn 

:n-pn 

GmM , 


1T = 


* M?o« 


.uiNmuoNn non N’n w ii'/nd 
ni’n ■*]D by uiNmuoNn bpiyn .nxr nmyb 

:?on 

GmM , 


JF = 


L Moon 


R 


Moon 


:nvp oppiynn on’’ pbi 


y j?L. * 


IF 




^ D ^ 

IX Moon 

2 

1740km 

r J 


(1740+ 600) km 


v Moon 


= 0.55 


mP mon romnon nPbnn -iiy?o (2) 
.mvi biy minn mn nyDK/nn Pviyn bPonn 
-ioin nann D i Nnn] nmnn D i uiN]nooNn 
.ODNnn W /W on^n pbi ppii/n 


hid byn □‘‘ion nzmn *)u -nnK/3 on .k 
Nin ,Y"i^n titd rmnn r pmrrn Yi*n 
b \u ■ , 3 K/n pinn -*d by .nDn-'Dn nyiNnn biD 11 

:’T by .iiov] 

F n GM„m / r 2 GM e 


gir ) = ~= 


inn non .'yun non N^n w h'/nd 

"nm nmn nun biy pmnn *m r -i ,Y"iNn 

.Y“)Nn 

:n^nn ynn dik/P in 1 ] inn^n nu^nn n* 


( ^ GMg 
g (r)= £ 




v r2 y 


iii/?o -rmnn niiixn ?<]n GM E !R E bnpn 
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mas - 8 piD jii'ikw nnnnp 


nii'ssm niiiwnni ni^Nwn 190 


:!?:npn T my 


T = 2/r 


I? 


'3 n 


Gp(frf) \Gp 

p = 1.326 gr/ cm 3 = 1,326 kg/ m 3 :p-ra my 

p^roiy my 

p = 0.687 gr/ cm 3 - 687 kg/ m 3 

:omiK my 

p = 1.29 gr/ cm 3 = 1,290 kg/ m 3 

:p-ris my “popi! mi 


T = I_2£_ 

“ ' (6.67 x 10 " )fl 326) 


: 10,320s = 2.867h 


I’xrQK/ my 


— . 3;r 

min_ '1(6.67 xl0“ n )(687) 

= 14,338s = 3.98h 


_ . 3;r 

min 1(6.67xl0 _li )(l290) 

= 10,464s = 2.9h 


:01m k my 


□ v ‘pnrt? "H y i'pdp pinn m 1 ? .k 

:nobn mm my 


f rp \ 2 


/ \ 3 


v r 2y 


lpniy yinm “p^m nKn 7]=r 2 ir rv'ynn 
inrn my no^n mm -* 31 v y*a mnnn 
nny p 1 ?!, r, * r 2 nr nniy 1 ? mmn rom yn 

lo^pnn rrmniy no^n mm ^id/ 


f rr \ 2 


\ T U 


f.. V 


V/2 7 


non m ,nD^?n om non Km M H'/kd 
no'pn nm romn nrn pmn Kin r ,mm 
nypnn .mm be/ nrnnn pr Kin T- 1 

I'pnpi ynnKn 

r 2 =—r 5 
GM 

T 2 nK iKnnn yun >nr "W ’9 
not> nm cmm my r 3 'piy mspnoD 
D' , T , yn n^wa -aiyiy ny ip Kin onon 
M ii£/ko ,4tt 2 / GM 'PTian Kin lyio^i 

.no'pn om non Km 
no'pn ooio^j yiy mm iopn yio^n .0 
piy nr mpnm ,mm n^nnn nonn i 'yw 
pn mm n'pTun nonn nK vr poy 1 ?) 

.{\un\ur\ noiyno. no'pn mm 
:tapn , J -o. pia nKi S-o. ^Knoty nK ino] .n 
4;r 2 

gm^ = M l = 

M s 3 

GMj s 

pr ,'k yyoo 'popnni'/ nypn m 'py .i 
ooio^p noon yn 1 ? \>\u mm ppn nrnnn 
mm iopn r-r\ my 'popnn Kiniy'po no 1 ? 
yii'pn n^KD nnp nn yn'p'p mK/DKn 
odk nzmo) moron od byn pro innon 
,r = R o^pnn nr mpnn .(ypipn non 
nr mpnn .no^?n noio ovn Kin R H!/ko 

I'pnpi 


T = 2 n. 


_r_ 

GM 


p nd/KD ,M = yo(f^-/? 3 ) iD^pnn oe/ -ran 

•|pri? 3 -i no'pn odid nonn niDmx Km 

.no^n nom noi Kin 
nKiiii/nn nmnKn nKiiii/nnn M nK no] 
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■vto 3 - 8 ins jiibxe/ mums 


np*33»a TiQiunni nibNwn ido 


j_ 

0.8 


GMm Gm 1 

-;-h- 


(02d) 


GMm Gm 2 


( 0.8 d) (Q2d) 2 


M m M m 


0.8 0.032 0.64 0.04 


■ M 


1 


1 


= m 


( 1 1 
+ - 


0.032 0.04 


,0.64 0.8, 

=> M = 180m 

nn3iy 1 nNiii'/n3 M = 180m 3 ’ia (2) 

:b3pn DTipn >pyon 

G(l80m)m Gm 2 2 , 

- -3 -+- 3 - = mco d 

d 2 (0.2df 

=> 180Gm + 25 Gm = co 2 d 3 
r 2n^\ 


• 205Gm = 


d 3 


V ^ 2 


=>r = 2 /rJ—- 

V 205Gm 

,nnr n3bn '3313 nty b\u nrnnn inn nnNn 

:b3pi 


• ^1 — ^2 — 


J 3 


205 Gm 


iD^pnn t'/niyn riDiynn .n 
non 1 ? onm mnnr n3bn ■•3313 mon .1 
mop iiT'a n3bn ’3313 b3 biy nonn) id/niyn 
.(lyniyn nonn 3rpp3 1000 
.■nra bm n3bn ’3313 p3 pmnn .2 
nmnn nyoK/nn ,nbN omnia niyn n^airo 
by byioiy mob omo nmir nobn '3313 po 
inn pbi ,\un\ur\ nyoiyno n3bn moio 
n 3 b ■'3313 bN3 \jn\uT\ n 3 nynb om’nnb 
b\u "rniDn m 3 nyoiyn3 pm in D’yin 
nbDp bi v n pinn ,p by .lyni'/n 

nmp dn lbmN ,ir n3nyn3 mnn D^pnn 
ip by D^on yan3 D’Niini n3b ’3313 niyi 
.\un\ur\ onn3 n3iyiy inN 


.D"pnn it*n nbDp biy ->iy*biyn pinn nmb3 
nnbn ’3313 .m^pm nbop ’pirny ran by 
ynb nonn 3313 3' , 30 o^yin 

inniyiy -Qi 3 m 3 - Tn 1 nDin m3 nyDiyn3 
.33130 'T by byDinm F = GmM/r 2 
by □'•byiDiy d‘>doi 3 mm 3 □m^piy mpnn 
.cpn v 'pnn orN Pop ■•pin ,n3bn ->3313 
by nr mm3 o’b-'yDn ra>bn ->3313 it n->y33 
nbnp ’pin 13*31 .n’nnr orNiy mm 3 ,nr 
.ir my33 mn-’-'pJ'in d^n 

.3 

yi n3bn ’3313 niyn nnN b3iy pimn (1) 
nnN *?3 by bipiyn ni3n ,mbayn nynn3 
nnib3 p^iynn t>it>onn T3in pv33 Dnn 

.3313H T31D 11V33 


niyn !?3 by byinn bipiyn ni 3 n (2) 
ntypn nN u^pn n3bn ■•3313 

IF = mat 2 r 

m non nm* vr n 3 bn ■'3313 niybiy pi on 
bipiyn m3n ,a> mnmr nn’nn nm?<i 
mm i*3id/ n3bn 3313 by byD 1 mv bn^n 
.1 n3bn 3313 by imbo .ini' 1 brun bibonn 

.A 

bo H3y pom biy niyn pinn nN miym (1) 
1 n3bn 3313 ni3y .n3bn •>3313 niyn inN 

\a"pnn 


(1) 


GMm 

d 2 


Gm 2 

(02df 


= mco 2 d 


GMm 

(0.8J) 2 


:D- , - , pnn 2 nDbn 3313 H 3 yi 


Gm 2 

(0.2 J ) 2 


= mco 2 ( 0 . 8 c/) 


□y nniyn 0.8-3 1 nNiiu/n nN b’D3i on 

:b3pi ,2 nNiiiyn 
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n-pas - 8 jns ni*?xw rmnns 


np'um naiwini ni'raiem i90 



= 0.04day=0.97h 

nnix byn "ixty” ’yam i”ii‘?ni'/ nm ^>y (2) 
ins t>\L> nrnnn inr ,miE/nn ip ‘pyn nnpi 
Yixn ma v nrnnn inr 1 ? nruy nvn 1 ? 
•minn ,m mo iran’on nnynna 
n'PDp ^\u ’i w^\ut\ pina \urmm ."nnn’"a 
I'papn nnn myi nr pil? my 


rpZ rpL 
_4_ _Moon 


^4 r Moon 


=>>4=r Moo „3 


/ T \ 2 
1 4 

V ^Moon 7 


= 3 84,000 km 31 




lday 


A 2 


= 42,353 km 


^ 27.3 day ^ 

ma ramn it nnpi pmn nx inoi ox .a 
:ir nnpia □ v, pnn ’rx ,x-a yixn 

GM E m _ GM Moon m 
x 2 (d-xf 

-i n'^nn non xn m nyxa 
ma ram pa pnmn xin d = 384,000km 


I'pnpi it nxiiE/nn .nnn rami yixn 


M 


E _ 


M 


Moon 


i^d-x) 


d-x 


: + 


M 


E _ 


M 


= + A 


6x10 


24 


Moon 


7.35x10 


22 


= ±9 


nixiiK/nn ’my nx *?npi nmnxn nxmynnn 

:mxan 

*i _ 


d-x x 

*2 

d-x~ 


= 9 


s>x, =0.9<7 = 345,600 km 
= -9 =>x 2 =(9/8)d = 432,000km 


.x 

( 1 ) 


_ 2 fin 

F r = mco r ~m \ — 

G U; 


= (7.35xl0 22 ) 


= 2xl0 20 N 


2 n 


27.3x24x3600 


(3.84xl0 8 ) = 


( 2 ) 


F g G MmoozMe 


2x10 


20 


, ii ,(7.35x10 22 )M £ 

: (6.67 x10 _u P- } —r^ 

(3.84 xlO 8 ) 


■M e =6xl0 24 kg 


.a 


ma nx onmo Drirtni nnmy pi’an (1) 
□’n”pnn ,t>\u m’aan nia nystyna yi* 1 " 1 
i!?Dp \>\u ’ly’^tyn pinnn .n^np ’pin mny 
:ynyxm pm^n may ‘papi 

rp2 rri2 

i \ _ 1 Moon 
3 3 

^1 r Moon 



= 0.325day=7.79h 


myn p’nbn nay 



= 0.115day=2.75h 
I’ly’^iyn p’n^n myi 
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n~ru3 - 8 pis jii'jkw nnnno 


njT'jjm noiemm nhNwn ->do 


nnynnn riKuiro Tvm\wxT\ nyiKn .1 
niTnnn nK :ry] .a c =v 2 / r :Km mbaynn 

:topn DTipn Tvonn 


GM 


a c=■ 


Mars 


(6.67xl0" u )(6.48xl0 23 ) 
(4.4 xlO 6 ) 2 


= 2.2m/s 2 


Tvm\uin yibonn md/Dinn h^ddh n^iNn 


:^n 

g (r)= GM f ara =2.2m/s 2 
r 

nnynnn nKiiiro rPK/iK/an nmKnt'/ □■•kti 
dkt .m'/Dinn n’pmm nxiKn^ nnr rplwynn 
JVK/Din n’pm] oyyn n'PDi] rPK/iii/Jim nnKn 
nnn nyr Kmiy mi'/n ,rr ,l ?jynn nnyiaro 
.D'-fKn bvj moon no nyDiyn 
nniNi irnmn nniK vj' ipnn^iy ynon .n 
n’pmm n^iKn Kmi*/) n^uDnuDs nsnKn 
j-rtaynn nnynro TPwwTb mo (rmninn 
nmNn yn 1 ? -piyn-' pnnn ,□ noo 
nyuro nm'o .iru/iK/an nynn ino nynn 
n’K/i^nn pmnn mK pnnn pt> .n^yn 

.n^K Tinss iKiym 


ii^K/ipnD 
m-p ooy "I'mp ^\u "'vr'yy i/n piro lynniyj .k 

lomiK 


rn 2 rp2 

M \ _ i 2 


>2 


■^2=^ 


/ A 3 
V r i 7 


r 2 =(13.43^ 


r'pnpD Miranda "voy 
= 1.41day 


^ 129,850 V 


583,420 y 

:top] Ariel my 


ynnDn ,x x = 0.9c/= 345,600 km dm inm 
ipn -)iynn 'py nKanm mpa!? -| v >k/ ’jy/n 
yop^ Y lnn ) rnmi yiNn hid yo -onion 
mnon my ir mipio .(□iToo Kiaom 
cm ’ptio □’’riiy m'p'pnn 'py □‘■'pyion 
.nr jin nr □■‘bunn nrK on p 1 ?! .muon 


^apa ,m Km Tvmwkn noniy nm dk .k 
nnyian my iimo ‘pi y myn pmnn 

m^oynn 


GmM 


Mars 


M Mars ~ 


■m\ 


2 n 


A 2 


2 3 


4;r r 
GT 2 


r - 3400km+ 1000km = 4.4 x 10 6 m 
T = 2h+§h = 2.45 h = 8,820s 


iirin 


i’popoi 


MMars ~ 


An 2 {A A xlO 6 j 


(6.67xl0~ n )(8,820) 2 
= 6.48xl0 23 kg 

D’-rKn no ^>y m moniy -nnty] dk o 
\vb~mM nyiKna yiD' n Km 

a = F^ = GM m jM 

^Mars _ GMm „ 


m 


m 


R 


6.67xl0" n (6.48xl0^) 


23 a 


Mars 


- 3.74m/ s 2 


(3.4xl0 6 ) 2 

nyimn noy pom ntyn pmnn .a 
:* pzipD rpiyi^pn b\u n^^^ynn 


GM Mar, m J;1 V 


GM Mars _ J 

^6.67 xlO -11 ^ 

(6.48 xlO 23 ) 

r "V 

4.4 XlO 6 


= 3,134m/s = 3.134km/s 
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m'lD - 8 inn ni’iNW niinnp 


np'jpna nammni mbx^n ~>90 


-a Oberon bid/ nTPiirn nmnnn nNi o 2 -n 
in Kn (q 2 >g\-w n^pnn .(□‘•L/m n?o) o\ 

nrnnn pm iop Miranda bid/ nrnnn inn 

.Oberon bid/ 

-b onn Miranda bid/ jTTnirn niT'nnn 
bt:/ niynid/nn . « 21 = <» 2 - 6} xm Oberon 

rvn Oberon n-pn ib^xid/ Km it nmnn 
Oberon n-pn by □■'xym nx miba) nnnna 
I3"*b?s; orrn yi nm Miranda rn’n ,( 
K/mn ( t ) imn pb .<5^, irrimr niT'nnn 

ity ip by noon Dyo nnnb D’ni’n nid/b 
-b id/inn pm Nin .oimx mn -p-r -Qiyid/ 
(2n rad) obid/ mxo cpbid/nb Miranda 

: to 2X n’on’n nmnna 


DiiniK 

o 


^\ 2 


v 


<> 


( Miranda J Oberon 


2 n 2n _ 

o) 2 -o) { 2n I T 2 -2n I T x 
77, (1.41day)(13.43day) {J8 

T t -T 2 13.43day-1.41day ’ y 


8 pis\14 nbXK/ inno 
boon ^ia bid/ n^id/Dinn nb'Din nyixn .x 
by .nnm inid/ba nab aaia be/ -Qian mid/a 
pt by .iiom bid/ nid/n pinn '•d 


r 2 =(!3.43day) 1 


T 2 = (13.43 day) ^ 


190,930 


\ 3 


= 2.51day 


^ 583,420 ^ 

:bapi Titania nay 


436,270^1 


= 8.68day 


583,420 j 

:nxan nbaun nx bap] pb 


nrnn inr 

(day) 

bibonn otti 

(km) 

nT*n 

1.41 

129,850 

Miranda 

2.51 

190,930 

Ariel 

8.68 

436,270 

Titania 

13.43 

583,420 

Oberon 


\urmm ,oimx non nx aid/nb nin by .a 
bid/nb .vni’n anx nay iium bid/ nid/n pinn 

:bapn .Miranda 


GM Urmus m \ _ 


fin '' 2 


- m 


r i 


M, 


J 


4n 2 r? 


Uranus 


GT{ 

4/r 2 (l29,850,000) 3 


(6.673 x 10“ n ) (1.41 x 24 x 3600) 2 
= 8.73xl0 25 kg 

omnn nay iium bi u nid/n pinnn .a 
: bapi n^ynn onynna 


GM Uranus m _ m V 


> v = < 


GM 7 


Uranus 


r r V r 

orn ibid/ nnnid/ bap] nr nd/p ■'D by 
xm nmpn mmnn ,inn iopn bibonn 
may .Miranda nnn inn .mva nbmn 

:bapnn 


V = 


1(6.67x10" )(8.727xl0 25 ) m 

- ^- & -- = 6,697— 

129,850,000 s 


Miranda bi u nTmirn niT'nnn nx inoi .i 
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ni'iD -- 8 pnD ju'iwu JimuiD 


npqpm noiemni ni^Nwn ido 




■?d my bap] iiov] b\u ■'DK/n pinn ^b .n 

iD’rn^n ni'/n in* 

.2 


GM 


Earth ^ ^ 

Earn _ m - V = 


GM 


Earth 


V 2 _ 


\ GM Earth !f 2 

G M Earth^X 


I'pnp] p^ 


r 2 _ 27ir 2 / v 2 _ r 2 v, 
7j 2 ^Tj / v, ^ v 2 


I'popn DTipn pyonn v, / v 2 zpsn 

\ 3/2 


7] 


II 

(r \ 
r 2 

In 1 

U; 


^^2 _ GM Earlh m 2 / r 2 


f . V 


V r 2/ 


•A 


1 rn 1 ? 'jt!/ <aj rrir'iirn nrpnnn .1 
.2 p>n!?n t>iz/ co 2 rrrniTn nrpnnnn mr 
2 viiW? omn 1 h 1 ? *7id/ rv'JT'nrn nrpnnn 


:k\i 

a\ 2 =27r I T x - 27 t IT 2 

rirn' D , r i n l jn 'i\uvj nin by u/nm pn 
pi i:nyn inN 1 p 'py nrnb noon DyD 
1 i w nW u/rnn pn Nin ,yiNn hid tom 
n^nnirn nrpnnn d^k/ mro D’be/n^ 

iKimy ,o\ 2 n^on^n 

_ _2pt __2£__ TjT^ 

6>, 2 2nIT x -2nIT 2 ~ T 2 -T x ~ 

_ tj, r 2 

7J(r 2 /71-l) [V^-l] 

.T 2 /T x =(r 2 / Ai) 372 :’n pyon un^nuo 


, . F g GMm/r 2 GM 

g(r)= — = -= — 2 - 

m m r 

non m ,nDl?n nmn non N^n M iii/NO 
.nn!?n min romn pmnn Nin r-i .pan 
mm □h'/i'p in 1 ] innxn nimn nN .n 


:nNnn 


g(r) = 


GM R 2 


R 


2 2 

r 


n^Din naiNn Kin GM / R 2 ^nin 
nmn no by "im!?D ,r = R ii'/nd n^Dinn 
nimnn bipi pt> .^ 0 -n inoi nniN .m^n 


g(.r) = g 0 


r R V 




rpinNn 


:o' v, pnn!p -pi* .p 


\ r J 


\ 2 


go I— =0.16^ 0 


i? 


r = 


M_ = 0.4 
r 

R e _ 6,380km 


0.4 


0.4 


15,950km 


:Nin ypipn no byn h n:mn 

h = r-R E = 

= 15,950 km-6,380 km = 9,570 km 


:D v, pnn‘p -pi* .1 


GM e _ GM Moon 


R 


Moon 


r = R 


M l 


Moon a 


M, 


1 Moon 

= 1,740km V8l = 15,660 km 


:Nin ypipn m byn nzmn 

h = r — R E = 

= 15,660km- 6,380 km = 9,280 km 
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n-paa - 8 itid jii*ikw nnnnD 


np'iana noigmni ni'iK^n ido 


^\u rprmrn niTnnn N^n co = 2 nIT ik/?o 
. n^a^on myuna na'pn naia 
^pK/n ion dtp mNmuoNniy nan 'py .a 
-ynsi im^D jDDNnn 1 ? na'nii □■"JTNnn rwip 


iD^pnn 1 ? 


m ^ * =0 


i2 4^ 2 i? 3 


, r 42T 2 * 3 U 3 

=> T = a - - 

V GM \ GM 


T = 27rJ— = 27rJ—R 
\gm \gm 


an 1 ! murnw ’irai ‘payn Kin mitynn ip .n 
. msyb a^aon na'pn aaia 'jvj an^on t^ 1 ? 
’id 'py Kxm lDp^ni nabn aaia rama iram 

.na^n aaia 

naia ■‘jd ^y axim ’ii’mn ipn Nin > ■|■ , ^^ , ?''n , ? 
yiNn nia Dy -prvnnn (yiNn hid) nabn 
•\ik/ ya nannn lpb a^in ~\w , nn 'yvj 
.d’tik/ D’ , p!?n ’dk/!? ijtin p'pnn ie/ni D^upn 
■py □‘•'pyiDn mman n* miini .a 
na'pn aaiaiy n-paan ma Dniy .oiNinuoNn 
□nmy ,N ^imin mam ,F G ,i^y ^yan 
:Nan D' , i'nna miNinr] 


I'papi g = GM e / i? 2 = 9.8 m/ s 2 -i m nd 


T = 2tc\— = 2xa 

U 


6.4 xlO 6 


= 5,077s = 1.41h 


mman dn niNn 1 ? iiy*: Nan manna .n 
idpn nyDniy .mxanuoNn 'py D^yian 

:miK/nn ip 'py Dpinn 


, , -s v :,; - ;* 

Ifiiti 


... —~... 




^ / 




ram yivaa a c n^iNn up □■mr^n'? In'? miy 


■py y>yan DiNniy mat> miiy D‘ , 3TNnn nN'np 
pinn ’D 1 ?! ,(N'-a im* ino iw) d"it Nnn 
mab linm miiy nr ma .iiot*] ^ ■‘ty'piyn 
.□“TNn 'py □‘ ,, ?' , yDn D'mTNnni'/ N ■ ,l pnnin 
m'piynn nyiin 1 ? ■puvi t>iy pinnn 


I'papi 


2n\ 

F G —N = m —— g 

G r J 


Ar GmM (l7t\ _ 
N =-r- m — i? 

R 2 T J 


N = m 


2n ) GM 2 n l R 
a> R = m —--r— 

I ^2 j! 
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mua - 8 piD ni'rNvy nnnnn 


np'DDro naiwnni ni'wwn ido 


1.6 

2 

2.8 

3 

5.2 

4 

10 

5 

19.6 

6 


.n 


n 

(AU) I'/nt'/nn pmnn 

ro^n :01a 

0 

0.72 

nm 

1 

1.00 

yiHD TTD 

2 

1.52 

n^iKn 

3 



4 

5.2 

pt y 

5 

9.54 


6 

19.2 

Dim* 


,« = 3 nay Nin nonn ro'pn udid .* 


.r = 2.8AU iD^pnomayiy 
■PKnuoxn 'jvj nrnnn -\m nn aid/n 1 ? , ?did .1 
■’urm N"rm ■• 31 m ny 1 ?! mm fin nyj on 
:it>Dp v ■'lybi'/n pin 1 ? 

rpl rji2 

Ceres _ *- Earth 

r 3 - r 3 

Ceres r Earth 


1 Ceres 



= lyr 


' 2.8Au V 
1AU J 


4.68 yrs 



i'pdP bvj •'('/■'‘pi'/n pinn ■? \u ■ , io' , aa nyr .n 
:k"did twiuon 'iuj ommn fin 

rp 2 rp 2 

_ 2 _*_ 1 Earth 
3 3 

r 2 r Earth 

TE art h 

wnw 1 ? xnpn l ?i , ?ona □'•T'N'nuoNn may (1) 



n^Di iy ir nyiNn!? .(o i i'nn oni) mron 
Y"i^n mo 1 ? p’K/nn yiT'Dii a c sina I’rmi'/ 
.(□■•lyina x ~ry proa) nmpn pvaa pram 
nrmm mNmooNni'/ nm 'pyi v ]?on 
livaa no vby ^lyo 1 ? "pay .om-Nn 1 ? oma 
yi^ t> □ nan f s iiD’nn xmiy ma ,nr 
moNn p-pan omrNnn ay irra nyiNFQ 
nr ma ■?mj tnw .(o-’iyirQid/ x ny proa) 


:Nin 


f s = ma x = m ( a c sin a) = 

f 2n\, ^ • 

— I (it cos a) sin a 


= mco rs\na-m 


^ fs — 


4K 2 mR . 

-~— sin a cos a 

T 2 


y ny proa) ro!?n ana r Din pvm 

iD^pnn (c'lyirQiy 

F g - N = ma c cos a - m [co 2 R cos a j cos a 

, T GM 2n 2 
=^> N = m —t— mco R cos a 

R 2 

=>N = mg - mco 2 R cos 2 a 

myo Dm-Nnn riNnp N^n N 


GM 



co -2k IT 


:nyo N = mg o^prin .i 

mco 1 R cos 2 a = 0 => a = ±90° 

.□‘‘aopa nmy uiNmooNn nyo 

,’mnn in moyn 
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rtTiD - 8 jn d nrtNWJinrmD 


np'jjm Tiaiemni nl'yKg/n 190 


Ar = 7.78xlO n - 5xlO n = 2.78xlO u m 

:Min nmti/nn niD nr mpnn. p 1 ?] 

GM 


f 2 =- 


‘■Jupiter” 1 ' _ 


(6.67xl0" u )(l,899xl0 24 )(0.6xl0 21 kg) 
(2.78x10" ) 2 


= 9.83x10 14 N 


_ 9.83 x 10' 4 N _ 3 ^ 10 _ 3 
F, 3.2x10 17 N 


:!np] }hdu 


nD^nn niDid/ tapnn DTipn ^yonn .t 
mu'? n^on 1 nnr pna 'iw wn ^mn 
mmpn mrb in 1 ] p 1 ? .u/ni'/n ^>\u nD^nn 
-PMnuoMn my D' , n l,, pnn n'PDp 'pirny mu 

.ir n^Mi'/ni'/ 

8 pns \19 Pbm inno 

.M 


1 Demos _ x Phobo s 
..3 “ 3 


Demo s 


r Phobo s 



my iiuv] ni'/n pinn li/nmy] .n 
.mn-pn mx 'iw n^ynn nynnn 

I'pnp]! ,uimD 


GM Mar jn _ 


r Phobo s 


MMars ^irr ,2 


f In V 

V ^ Phobo s y 


47r 2 r^ 

^ r Phobo s _ 


r Phobo s 


GT t 


Phobo s 


4*- 2 (9.3x10 6 ) 3 


= 6.52xl0 23 kg 


(6.67 x 10~' 1 ) (7.5 x 3600)" 


I'pap] 


r = lyr, 


7 3xlQ 8 V 
1.5xl0 8 


= 2.83yrs 


A iv y 

pimn ■pi'pcnn D-'TMnuoMn my (2) 

I'pnp] \un\urcn 


/ ^..^8 V 


r = lyr, 


5x10 

v 1.5xl0 ; , 


= 6.09yrs 


vn o i T , M'nuoMn D^i^onn dm .n 
-mx -wm D i Man]iy □• ,i ^Ayn D^i^un 
nr uymn 1 Dniy nD^o y>M ,E/nidn □romi'/i 

pd nn 

irn^D) □■‘■nujanp □‘“■‘^yn o il 7i'?on (1) 
D-^yn nr mpnm ,( e iniK/n ram ^y:i 
n\vrn miM:i □'•Man] niyMi .lynid/n DrDiniy 

.D'Dnn] dpm 

“pi'pon miMD □‘•yin D-'-rMnuoMn ‘?d 1 ? (2) 
Mt> Dn p^i .nrvnn nniM dm 
DnnKn □'■PMnuoMn Dy K/mnn 1 ? D'yiD 1 

.□'pi'ponn 

yu!? □"uyy D'-PMnuoMnn p'pni'/ 'p'm 'jin 
□"■ ppyn D^i^oro im ,d"ud'^m orb^yora 
rftx D^i^om ,“rnM miyra D'Man] arMi*/ 
dmt ‘pdh D"p p^i ,nr dm nr imn 1 ? D'^n' 
,nn nr iiymn' D'-PMnuoMniy 'iD'o 
:?s!in t'/ni'/n ■pt'/ nD'u/nn nn .p 

GM Q m 
1 r 2 

(6.67 x 10" 11 )(2 x 10 30 )(0.6 x 10 21 kg) 
(5xlO n ) 2 

= 3.2xl0 17 N 

pm o nnm l ?mn nD^nn nn 
Man] TMinuoMn iij/md *?apnn TMnuoMn 
:Miniy ,p-ran nnm ppn pnim 
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muj - 8 pis mbNiy minriD 


n[ 7 ' 33 n 3 . noiemni mbNiyn ido 


8 pniD\20 nbNiJ/ jrtno 

Viibn my iior: bu/ ’i^n pinn I'/nni'/D .x 

:rpbAynn inyora 

GmM v 2 IGM 

—t— = m — =^v = J - 


fy'yon n v nx irai . E K =±mv :D”pnn .2 


E K =\mv 2 =\m 


GM 


\ 2 


:bnp:i 1 Dnpn 

GmM 


2 r 


. TT GMm 

bnpi ,U G = -:D”pnni'/ pron .a 

r 

l"n!?n t>id/ rroppn n’riwb ’lumnn 
rmipn 'pyon bnpnni'/ 

GMm\ 


E —_L — 

2 


-J=-Wg 


non p’libn bty jvbbDn n’nnKn .1 
□npn ^yonn tin iria .E = E K +U G 

biipi 1 

GMm 


E = -\U e +U G =\U 0 =- 


2 r 


P’libn biy nbbiDn n’miNn bi*/ myni'/nn .n 
moniy n^n’ran n’ronn nmoiy N’n 
iron mnni'/’i'/ run by ibibom p’libb 
pmn 1 ? y^nbi ,robn udid bid/ nD’id/nn 
. GMm / 2r N’n robn udidd ’diopn 
P’nbn tin mnid/b run by ,nnnN D’b’nn 
lb poob \ir robn :oid bid/ nD’id/nn mon 
. GMm / 2r nyiyn jubnum n’mN 

8 pid \21 rtonw pinn 
nbnpnn niid/unnn unb p’libn nwnn .n 
nynra pom bid/ ■* 3 tj/n pinn id/in’id/nn 

in’baynn 

GmM E v 2 [gm7 

- r ^ = m-L =>v,= -^ 

r i r i V r i 


.3 


g=- 


GM 


Mars _ 


R 


Mars 


= 3.76 m/s 2 


_ 6.67 x 1 (T 11 (6.52 xlO 23 ) 

(3.4 xlO 6 ) 2 

nny nbDp bid/ ’id/’bid/n pinn \unr\m .1 
:ooid bid/nb ,D’iNn ’mm inNi nr puib 


rn 2 rpZ 

1 __ l Phohos 

3 


r Phobos 


r = r Phobos 3 


= 9300 km 3 



= 20 , 195 km 


,K/mn p’nbn bid/ nrnnn inr tin nid/m .n 
nbop bid/ ’id/’bid/n pinn id/in’id/’ t* by nNn 
:bnpn ,D-npm idnnn p’libn pn 

rp2 

J 2 _ J \ 



= 3 h 

mipib onm nr p’nb bid/ n’rvnrn nrpnnn 
:N’n d’ind ’dd by nyop 

^ 2/^ 


, 2n 

co =- 

3 


24 


lii’Db lAiinn pi’Dn an p’libn !nb Q’ty 
.iT'a a’ao crnNn mro 
nnpi nnwb byn nrnb p’nbb linmn inrn 
D’bii/nb lb K/vnn inrn ^in □■'iMn ’id by 
n’n’iirn nn’nnai ( 2 ^-rad) obty 31 to 


\<o n’onm 


t = 


- — _= 2 -h 

2n / 3 + 2n / 24 
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maD - 8 jnD m‘ixw nianng 


np'jjm. nownni Jirtxmn "i9o 


mmnn n* nr mpnn nid/nb nin by 
pinn wj ,mid/A]nnn nob TxnuoNn 

:y3nn mme/ 

mv, + mv 2 = (m + m)w 




GM £ ^ 2GM e 

-*■ + Xv 2 = 2>w -- 


_ 2GM £ GM_e_ _ 

"V'j — . 


^ =L83 ^br 

lpnin 1 Nb TNnuoNm ymbnid/ mn by 
inNb ^ nTnan non 

■*DDb -pNinuoNn mmnn .mid/Ainnn 
nmnn nN □ v, pb nDo* mid/nnnn 


v< 1.83.& 


:bnpi vidoy 


(m + m) w = mv, + mv 2 


/ \ \gM~ e , 0 GM E 

(m + m)u = m A -— -1.8/w-— 

v ' V H \ 


A . GM £ 
w = —0.4.-^ 


jTwiuoNn by Tn^ ymibn mmnn nnibD 
onn yiTm 0.4v, N^n .mid/nnnn on* mn 

.mb^h vj mmnn nbmp o 
iny mmxn Timid/ pin nx Diid/m jjj 

H^iibn 

j(2m)» 2 - 2G " ,M ^ — 2G, ” Mt 


r i 


2k, 


:bnpn mipn ^pyonn u nx min 


bid/ nsmid/nn mmnnn nN nid/nb mn by 
wrmm .muoinnn '-inN mumooNm rnbn 

:yinn mrmid/ pinn 

(m + m)u = mv, + mv 2 

, x |gm £ , _ \gm e 

i „ I GM E 
=>u = 1.4l -£ 

V r, 

TNnooxm ymibn bid/ nbbon rmaxn .2 

ix'D niK/nnnn ■’in* 

. . x 2 GM E (2m ) 
E,=E k +U g = j(2m)u 2 - ^— 1 = 


, ^ xfi „ GMr 
= i (2m ) 1.4 —j 

V V r i 


A 2 


= -0.04 


V 

GmM c 


GM E (2m) _ 


M 

mniNn ,m;niNn mmid/ inpy ‘■d by 
bibonn mNinuoNni ymbn bid/ nbbon 
nNi) E 2 =-GM E (2m)/2r 2 tr nid/ idrrnn 

.iij-b nnid/ nvnb nDO* ,('i TVO 20 myn 

:bnpi iron 

2 GmM F r, /\ a GmM F 
- 2- = -0.04- - 


2r 2 
=>r 2 = 25r, 

,(n’n]xn nmid/) mipn 'I’von ■>d by .a 

:D‘ , ' , pnn 

i(2m)» 2 - 2G '” Me =- 2G '”^ 

JV ' n 2r 2 

niDn lpnim ■PNnooxm p^nbnid/ nin by 

D-'-'pnnb ina .mid/Ainnn ■ , nnM Y"iN:n 

-.K'n nr 'ron nn^pnn u mnnnn . r 2 = 00 


. /_ x 2 2 GmM F 

\{2m)u 2 - 2- 


2GmM F 


QO 


2=>U — 


2 GM, 
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- 8 ins jii'ikv; minus 


np'DDm maiumm ni^Nwn -ido 


\GM E /(6.673xl0~ n )(6xl0 24 ) 


8.995 xlO 6 


= 6,672m/s 


■pron nvi v, nmnn'p Av nDOinn dn (1) 


iD^pnnb -p-ia , v. mTnnn 


v, + Av = u. 


=> Av = w min - v = 9,435 - 6,672 = 2,763 m/ s 

lirDn nvi v, nmnn 1 ? Av nooinn □* (2) 


iD^pn.-i 1 ? ym ,nmnnt> ayi 


jvy + (Av) 2 = u 2 


Av = V M min-V 1 2 = 


= V9,435 2 -6,672 2 = 6,671m /s 

,rr*A-i3Jsrn -nmy piro \unnm .i 
:' ,, ?)Topnn nam v 2 = 0 


, 2 GmM F , 2 

\mv x - - = \mvi 

n 


GmMr 


i v? _fA4 =0 -20m. 

21 r 


GM e , ! v ? 


li-iv 2 
2 V 1 


2GM e 


_1_ (9, OOP) 2 

6.38 xlO 6 2(6.673xl0“ n )(6xl0 24 ) 

^r max = 17,990,171m *17,990km 

:Nin vpipn m t>yn ■*!?rpopnn naun i?on 

^max = r max ~ = (17,990 -6,380)km = 

= 11,610km 

irrmNn -nmt'/ pinn id/nmyi .n 

, 2 GmM F . 2 GmM F 

\mv y -- = |wv 2 - - 


. Tj = R e -i r 2 = oo v 2 = 0 , v, = v e . 


i.(2 rn) -0.4 2GmM^ _ 2GmM E 

l y r i J n 2 r 2 

-...K 


-0.92 1 


r 2 = 0.54rj 


iD’-'pnn^ -yiy nmiNn urm ■'d 'py .n 

1 mv 2 _ GmM E = GmM E 

2 ' /? £ 2r 2 

^ 2GM e v2 = GM e 


2GM e / R e - v, 2 2 


tf £ GM £ 


2 (9xl0 3 ) 2 

6.38xl0 6 "(6.673xl0- 11 )(6xl0 2T ) 

= 8,995,085 m * 8,995 km 

Nin p'pi^om w nmnn no 1 ? mpi on .a 

!?npnn ;r 2 lovruy ,iy-m yi'pon 1 ? my 

in^DKn nn’iy pinn 

, 2 GmM F GmM F 

\mu -£- =- £- 

r \ 2*2 

nsnid/ mn ^>y u my ■‘‘pnwnn -pyn 

Nin ,Y"i^n htd *?e/ nran mid/n -nnmy 

:^np] p 1 ? ,r 2 =oo may o' , ‘*pnnty nr 

, 2 GmM F GmM F 

— mu . -— — - — — 0 

2 rnu mm — U 


\2GMr- 


u — 

min 


[ 2(6.673 xl Q-")(6xl0 24 ) = 35m/s 

8.995 xlO 6 


mi/ND .ltn'ponn nsn nmnn hn onp aid/m .a 


mypn ■'D 'py nan 
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rn'iD - 8 pnD nianno 


np'una. niaimnni njjxgjn T90 


Vj =0 dai ynnNn ’luann W Fq I'm 
:^pn rmaa rmny UDid/nn 


JF f (l->2) + 


GmMr GmM P 


R< 


■ = jmv 2 


■K( l ~>2) = 


, , GmM F 

l mV 2 -' 


V 


GmM P 


r 2 J 


R 


l E J 


2 GmM E _ GmM L 


\mv 2 - 

r 2 

M l->2) = 

( 


2k 


□ v, pnn 


I'pnp] p 1 ? 


GmM A 


f GmM E "j 

lr i J 


v Re J 


= GmM* 


= GM E m 


J_1_ 

V^E 2r 2 7 

1 


1 


6.38xl0 6 2 x10 7 J 

= 4.273 xl0 10 J 

nnan iii/ND 

G = 6.67 x 10 -11 N m 2 / kg 2 
M £ =6xl0 24 kg 
m = 1000 kg 

rv’urp hahn mmy ODU/n ■•d'? miy .a 

I'pnp] 

W F (1 -+ 2) + W Fo (1 -> 2) = imv 2 2 -Imvf 


► FF f (1->2) + 


= 2 mV 2 ~ 2 mV \ 


GmM E GmM 


E _ 




f , 2 GmM E ^ 


f. 2 GmM A 

2 mv 2 E 

— 

\mv x 

\ r 2 J 


l J 


■W F { l->2) = 


GM E m( 1 


r GmM E ^ 


' GmM A 

V ^ r 2 J 


V 2r i J 


UO 7 1.5xl0 7 


= 6.673 xl0 9 J 


l v 2-^ = 0-^t = 0 




00 


2<jM 


^es 


£ _ 




j 2(6.673xl0“ n )(6xl0 24 ) 

6.38 xlO 6 
= 11,203 m/ s «11.2 km/ s 


^npn 



■p-nPn -mny/ yro mnynn nrcnn .n 
■ p’lPn nyi3nt> nrrNnnn nrpnnb mu'/ 
nyDK/ra ydnh hid 1 ? d^doiq n^Ayn nyiira 
\unr\m it rnmnn ntop 1 ? .nbii/ nraDn mD 
m'AAynn nyunn my iiuv] 'Did/ ^lyn pirn 


GmM E 

r 2 

=>v = „ 



r 


GM* 

r 


l( 6.673xl0" u )(6xl0 24 ) 
10 7 


= 6,327 m/ s 


Y*iNn htd mn inyum ■p v n‘?n 'py .d 
F g nTDDn niD :mniD ■•Did/ D^yiD I’Ai’Aon 1 ? 

nmy ODe/n ■•d'? .F rv^nn 'wj ^nin mDi 

iD^prin rpAHN 

W F (l —> 2) + W Fo (l—»2) = \-mv 2 -\mv 2 

-i l ? l ?nn miDyn *?!£/ nmyn nvi W F nid/jstD 
:d ••■•pnn .rrrDDn iyid nmy nti W g 

W Fa (1 -> 2) = U Gl - U G2 = 


GmM A 


f GmM A 

V Re J 


l r 2 J 


GmM F GmM E 
r 2 
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- 8 fn9 nibKiy minus 


np'jjna nauynni mbNiyn ido 



yiNn tto rmn pn pmnn n* po] .n 
C mi pin pnnn jini t/-n ni’n TDim 


"iNinniy ■'dd ,x-n itd onnn 

:Nin D , 'K/inn 


yiND niD 

iwn 

c ^gfe. 

- d -•- MM 

* _^ 

m inoniy c yu by mmDn □idoi'/ pron 

:bnp3 ,ODNnn C nnpn N^nn 

GM E m _ GM M m 
* 2 ~{d-xf 
s 2 A/„ 

^(d-x) 2 ~M u 

a.^- = ± |K = J 6xl ° M =+9 

d-x V M u V 7.35x10” 

■pK/Nin ynnon .ninrnD ’Diy D' , n' n p pb 

:Nin 

——— = +9 => x, = 0.9<7 = 345,600 km 
a-x, 

:Nin -*Dti/n ynnsn 

--—— = -9 => x 2 = \\d - 432,000km 
</-x 2 8 

nNanin nmpib on^nn (x 2 ) nt'/n pmon 

■*3i£/ ir nTipn .n’Pb pirn b"in □•’id/nra 
Y"iNn nnD ’-r by ^an by crbymn mniDn 
itvin Dnb vr\ Dbim □’■my n-rn ’T* byi 
pin nr □’binn dpn nbx mniD ni'/ pb ."|ir*D 

. x 2 mipia nr 

.X, = 345,600km xin pmon pb 
nin by non mny jvbrrrnn nwnnn .a 
non nnnytj/ niTnnn x->n n-vn •’mb y>n v 
■nnx ■‘D .odn niT’nnn C nnpib y’M 



:xm nbn’pid/ nn D^yii hb a*u/ 

W F (l —> 2) = Ej 2 — Ej , 


myxD 

r _ GmM E 
c r2 ~ I 
2^2 

:i 2 bibom pmbn biy nbbmn n’a-uxn x’n 
_ GmM E 


.1 bibonn pmbn bu/ nbbmn n’mxn N’n 


:^Dn 


W F ( l-»2) = l-^^ 


A 


2 K 


GM E m ( 1 


2 J 

1 


GmM E 

R* 


10 7 1.5 xlO 7 


= 6.673 xl0 9 J 


GmMr 


GmMr 


J 7 _ 1 .....2 _ kj '» m E 

- 2 rnv 2 - - 

r 2 2r 2 

6.673xl0- n (6xl0 24 )(l0 3 ) 
2(l.5xl0 7 ) 

=-1.3346 xl0 10 J 


.1 


run by ypid/nb vpyj jvbnTnn nmyn .n 
tto bi v n-rnDn mwn p’nbn nx nmii/b 
n'mxb nmy id/inn ibibonn xmii/D yiN"" 1 
■nnnid/nb pmbb monn jvbnTnn 
n’mxn ,D-npn «y’yon m by .ibibonn 
mnnii/nb nin by pmbb monn n’bn’i’nn 
l?on . 1.3346 xl0 10 J N’n ibibonn 

.W F = 1.3346 x!0 IO J 
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Jvtid - 8 j7is minus 


np'jjm niauynni nhKwn ido 


u 


2 2 GM F GM r 




^, = . ° Me 
2 2 GM, 


u 2 2 _ Jh _ 
n gm e 


_2^ (4,720) 

1.18xl0 7 GM E 
= 8,783,612 m = 8,784 km 
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2009 npoana. Tinaa. |nno 


np'jjna jiamnni nrtxwn i9Q 


2009 n p^DDn nrm rnns 


:Nim ynnD vr n^iz/n 

40-10/= -(55-10/) 

20/= 95 
^/ = 4.75s 

nnr □'’ninn m// 'pi// nmnnn 'ptu nr y?"Q 

:*im 

|v^| = |v s | = 7.5m/ s 

=(-10)-(-l°) = ° .1 
v ab =v a ~ v b =(40)-(55) = -15m/s .n 
(y AB ) B -inn 1 ? onp A iron mp-'n .1 

pt* 'py yim 

y AB =yA-yB = 

= 45 + 40/-5/ 2 -(55/-5/ 2 ) 

—^ =45 — 15/ 

inrn 'pi// rcbipniDD nN iNnni// '•pan 

r/on ^pun Nin 





/(s) 


y AB nny nNnt!/n:i (-15) ‘PTun In 1 ? u'vj 

, B inn 1 ? rvorr A iron nrvnn dm Nunn 
■>31 u yn pmnn iop n\u nypn nx nxnn p^i 

.□■‘"mnn 



■•d'pd y l ?tj/ pvnn pvnn nN "inna .n 
nN Nunn ypnpn ns 'py y = 0 nNi n'pyn 
-mN ^n nny inrn l ?i// n^i/pUDD mp^nn 

ID’HIDH *‘3fci/n 

X* = y 0A + W + t^ 2 = 45 + 40/ - 5/ 2 
y B ~ yoB + v ob^ + =55/-5/ 


'■y A ~y B ">^*3 d' , i//ad] onnDn 


55/-5/ 2 =45 + 40/ -5/ 2 
=>15/= 45 
=> / = 3s 

:Nin (ypnpn nD 'pyn nman) i//?Dnn mpTi 
h = ^ (3) = (3) = 55 x 3 - 5(9) = 120m 


iD^prin .n 

v A =40 — 10/ 
v B =55-10/ 

ynan yrni'/ ~ni3 nrvnnn Piopi ypni// 
pnnt> t t p 1 ? .nvrvnnn ^ 1 // (yi^on) yipm 
,v A =v B iniy yan □ v, p nn D * 


v*=v fi 

<^40-10/= 55-10/ 

yn yx p 1 ? ,nr ypni//^ pnnD yNi// crNin 
.dtii// D'nrDn 'w ^\u niT'nnn mopn pi// 
nviT'nnn b\u “pnipn 'nn ypp 1 ? n m 'py .? 

:cr n pnn ^nn pro 1 ? *pni/ nnni//n 

^>|40-10/| = |55-10/| 

:dn D-'-'pnn nr y^w 

40-10/= +(55-10/) 

in 

40-10/= -(55-10/) 

nmun 1 ) ,innD l’N nju//Nnn n^nti/n 1 ? 
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